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A B S T R A C T  O F T H E S IS
M an y  c o u n tr ie s , p a r t ic u la r ly  in  the d e v e lo p in g  w o r ld ,  have  
in a d e q u a te  v ita l re g is tra t io n  sys te m s, and  d a ta  co llected  b y  p o p u la tio n  
c e n su ses  in these c o u n tr ie s  often  con ta in  s e r io u s  and p re d ic ta b le  
b ia s e s . D ire c t  m ethods o f m e a s u rin g  m o r ta l i ty  a re  use less  in  such  
s itu a tio n s , so in d ir e c t  m ethods h av e  been d e v e lo p e d  in s te a d . T h e  tw o  
b e s t kn o w n  in d ire c t  m e th o d s , n am e ly  e s tim a tin g  ch ild ho od  m o rta lity  
fro m  th e  p ro p o rtio n  d ead  am ong c h ild re n  e v e r  borne b y  wom en o f k n o w n  
a g e , and e s tim a tin g  a d u lt  m o rta lity  from  re p o r ts  of o rp hanh oo d  b y  a g e ,  
a r e  d is c u s s e d . V a r io u s  sh o rtco m in g s  o f th e  o rp hanh oo d  m ethod a r e  n o ted , 
p a r t ic u la r ly  in  its a p p lic a tio n  to e s tim a tin g  a d u lt  m ale m o rta lity .
T o  a v o id  th e s e , tw o d if fe re n t  app ro aches  a r e  s u g g es ted , d e v e lo p e d  and  
te s te d . One is to l im it  th e  a n a ly s is  o f o rp h a n h o o d  to re p o rts  o f the  
e ld e s t s u r v iv in g  c h ild  o f each p a re n t o n ly ,  a n d  the o th e r is to 
a n a ly s e  p ro p o rtio n s  w id o w e d  o f f i r s t  sp o u s e .
It is not d if f ic u lt  to d ev e lo p  a m ethod o f  a n a ly s is  fo r e s tim a tin g  
m o rta lity  fro m  re p o r ts  o f f irs tb o rn  c h i ld r e n ,  b u t using  re p o rts  o f 
e ld e s t s u r v iv in g  c h ild re n  is m ore c o m p lic a te d . A llow an ce  has to be  
m ade fo r deaths  am ong f irs tb o rn  c h ild r e n , a n d  th e ir  re p la ce m e n t b y  
second  o r  h ig h e r  o r d e r  c h ild re n . A  s im p le  m odel was d ev e lo p e d  to 
w o r k  out the b ir th  o rd e r  com position  of e ld e s t  s u rv iv in g  c h ild re n  at 
v a r io u s  a g e s . T h e  m ethod  of a n a ly s is  so d e v e lo p e d  has c e rta in  ad va n ta g es  
o v e r  the  o r ig in a l o rp h a n h o o d  m ethod , b u t is  found to be v e r y  s e n s it iv e  
to  changes in  the le v e l and age p a tte rn  o f m o rta lity .
T h e  m ethod o f a n a ly s is  d eve lo p ed  fo r w ido w ho od  d ata  is m uch  
s im p le r .  T h e  o n ly  co m p lica tio n  is the need  fo r two m a rr ia g e  d is tr ib u t io n s .
2
m ale a n d  fem ale , the one to c a lc u la te  the p r o b a b i l i ty  of b e in g  w idow ed  
fo r a g iv e n  e x p o s u re  to r i s k ,  and the o th e r to w o r k  out the ex p o s u re  
to r is k  o f a p a r t ic u la r  age g ro u p  of re s p o n d e n ts . T h e  method p ro ve s  to 
be ro b u s t  to chan ges  in m o r ta l i ty  and to d e v ia t io n s  from  the o th e r  
c ru c ia l  assum ptions on w h ic h  it  is b a s e d .
B o th  m ethods a re  a p p lie d  to s u ita b le  data  c o lle c te d  b y  a sam ple  
s u r v e y  in  H o n d u ra s . T h e  d a ta  and the re s u lts  a re  c r i t ic a l ly  exam ined  
to assess  both the p o s s ib il i ty  o f c o lle c tin g  the re q u ir e d  data  and  
the  success  o f the m ethods th e m s e lv e s . T h e  c o n c lu s io n  is d ra w n  that 
the  w id o w h o o d  m ethod is  p ro m is in g , b u t the o rp h a n h o o d  of e ld e s t  
s u r v iv in g  c h ild re n  m ethod is  d is a p p o in tin g . M o re  a p p lic a tio n s  a re  
n e e d e d , th o u g h , to e s ta b lis h  w h e th e r e ith e r  o r b o th  of these m ethods  
a re  w o r th y  o f a p la c e  am o ng st the s ta n d a rd  te c h n iq u e s  for e s tim atin g  
p o p u la tio n  p a ra m e te rs  in  c o u n tr ie s  h a v in g  d e fe c tiv e  o r inco m p le te  
d a ta .
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WTM ▼ I VOC*
C H A P T E R  ONE
1 .1  In tro d u c tio n
T h e  d ire c t  m e a su rem en t o f a d u lt  m o rta lity  re q u ire s  a k n o w le d g e  
o f tw o  types o f in fo rm atio n  about th e  p o p u la tio n . F ir s t ,  it is n e c e s s a ry  
to k n o w  how m a n y  deaths  o c c u r, b y  age and s e x , o v e r som e p e rio d  of 
t im e . Second, i t  is n ec e s s a ry  to k n o w  the p o p u la tio n  exp o sed  to r is k  
o f d y in g , a g a in  b y  age a n d  s e x , fo r  the  same p e rio d ; th is  is u s u a lly  
a p p ro x im a te d  b y  the m id  p e r io d  p o p u la tio n . F ro m  these tw o  types o f  
in fo rm a tio n , a g e  s p e c ific  m o rta lity  ra te s  can be c a lc u la te d , and a 
c o n v e n tio n a l l i fe  tab le  c o n s tru c te d .
In  those c o u n tr ie s  w h ic h  h ave  v ir t u a l ly  com plete  and  re lia b le  d eath  
re g is tra t io n  system s and re g u la r  censuses fre e  from  m a jo r d is to r t io n s , 
th e  in fo rm atio n  re q u ire d  to c o n s c tru c t co n ven tio n a l in d ic e s  of 
m o rta lity  is d ir e c t ly  a v a ila b le . H o w e v e r , few  a reas  o u ts id e  the d eve lo p ed  
w o r ld  a re  a b le  to co llec t such  in fo rm a tio n . E ffo rts  to in tro d u c e  or 
im p ro v e  v ita l re g is tra t io n  system s to co llec t in fo rm atio n  o f  the re q u ire d  
a c c u ra c y  w ith in  the re s tr ic te d  b u d g e ts  a v a ila b le  have g e n e ra lly  p ro v e d  
u n s u c c e s s fu l. In d e e d , in some p la c e s , fo r in s tan ce  In d ia ,  o r  the p ro v in c e  
o f B uganda in  U g an d a , re g is tr a t io n  o f b ir th s  and  d eaths  seem s to h ave  
becom e less com ple te  o v e r  the last 20 o r 30 y e a r s .  E ffo rts  to re d u c e  
om issions fro m  censuses seem  to h a v e  been m o re  s u c c e s s fu l, though  
p ro g re s s  w ith  re d u c in g  c e rta in  ty p ic a l e r r o r s ,  such as ag e  m is re p o rt in g ,  
h as  been v e r y  s lo w . It  seem s l ik e ly  that such e r r o r s  w i l l  o n ly  be red u ced
T h e  Need fo r In d ire c t Approaches in the Measurem ent o f A du lt
M o rta lity
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b y  the s p re a d  of e d u c a tio n , and a s u b s ta n tia l im p ro v e m e n t in  data  
q u a lity  w il l  be a long  tim e co m in g .
V a r io u s  a ttem p ts  have  been m ade to a d a p t d ev e lo p e d  c o u n try  
te c h n iq u e s  to the es tim a tio n  o f m o rta lity  le v e ls  in s ta t is t ic a lly  
u n d e rd e v e lo p e d  re g io n s . T h e  m ost im p o r ta n t o f these m o d ifica tio n s  
w il l  now  be d is c u s s e d  b r ie f ly ,  to show  w h y  the n eed  e x is ts  fo r in d ire c t  
a p p ro a c h e s .
1 .2  C ensu s  and  S u r v e y  Q uestions
E x tra  census q u e s tio n s  th a t a ttem p t to m e a s u re  m o rta lity  d ir e c t ly  
h av e  an o b v io u s  a p p e a l. One p a r t  o f the  in fo rm a tio n  n ee d e d , the base  
p o p u la tio n , is b e in g  co llec ted  a n y w a y , a n d  th e re  a re  no p ro b lem s  of 
sam p le  s iz e  o r  b ia s .  T h e  a p p ro a c h  m ost f r e q u e n t ly  used has been  a 
hou seh o ld  q u e s tio n , e n q u ir in g  how  m an y  d ea th s  o cc u red  in the  
hou seh o ld  d u r in g  som e re fe re n c e  p e r io d  su c h  as a y e a r . T h is  was  
recom m ended  fo r in c lu s io n  in  the 1970 ro u n d  of censuses b y  the  
U n ite d  N a tio n s  (U n ite d  N ations: 1967a) . I t  has a lso  been f a i r ly  w id e ly  
u sed  in d e m o g ra p h ic  sam ple s u rv e y s .
T h is  a p p ro a c h  does have  a d v a n ta g e s . It is c h e a p , i f  the census is 
b e in g  h e ld  a n y w a y , s ince  the  q u e s tio n  is  b r ie f  a n d  easy to p u t , and  is 
o n ly  a n s w e re d  b y  each  household  h e a d , n o t b y  each  in d iv id u a l.  T h e  
a n a ly s is  is a lso  c o m p le te ly  s ta n d a rd , a n d  no com plica ted  tab u la tio n s  a re  
n e e d e d . T h e  d is a d v a n ta g e s  a re  c o n s id e ra b le  h o w e v e r . No in fo rm atio n  w  
be a v a ila b le  fo r d e a th s  b y  a g e , u n le s s  th e  age at d eath  o f each deceased  
is c o lle c te d , and  th is  seems u n lik e ly  in  c o u n tr ie s  w h e re  resp on den ts  
cannot re p o r t  th e ir  own ages w ith  an y  sem b lan c e  o f a c c u ra c y . T h u s
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th e  best th a t the m ethod  can p ro v id e  is a c ru d e  d eath  r a te .  T h e re  a re  
reaso ns  to d o u b t w h e th e r  it can even  do that s a t is fa c to r i ly ,  h o w e v e r.
I t  is w e ll k n o w n  th a t re fe re n c e  p e r io d s  a lw a y s  cause p ro b le m s , th is  
b e in g  p a r t ic u la r ly  so in  s ta t is t ic a lly  u n d erd e v e lo p e d  c o u n tr ie s  (B ra s s  
e t a l . ;  1968) . T h u s  th e  d eaths  re p o rte d  m ay h ave  o c c u r r e d  on a v e ra g e  
o v e r  a p e r io d  o f I4  m o n th s  o r  10 m onths b e fo re  the s u r v e y ,  ca u s in g  a 
s u b s ta n tia l u p w a rd  o r  d o w n w a rd  b ias  in the es tim ate  o f  the death  
ra te .
A ttem pts  h ave  b ee n  m ade to g et ro und  th is  p ro b le m  b y  u s in g  the  
p e r io d  s in c e  some e v e n t  ra th e r  than  a c a le n d a r p e r io d ,  bu t th is  has  
n e v e r  p ro v e d  v e r y  s u c c e s s fu l. T o  be s u ita b le , such a n  even t needs to 
be an  unam b igu ou s  p o in t  in tim e , to be v e r y  w e ll k n o w n  th ro u g h o u t the  
a re a , and to h ave  o c c u rre d  a s u ita b le  len g th  of tim e b e fo re  the s u r v e y .  
N ot m any e v e n ts  fu l f i l  these c r i t e r ia ,  and even if  a s u ita b le  e ven t could  
b e  fo u n d , it  is  d o u b tfu l i f  it w o u ld  so lve  a ll p ro b le m s . T h e  p ro b le m  w ith  
re fe re n c e  p e r io d s  seem s to be not ju s t not kn o w in g  w h a t  a y e a r is , b u t  
b e in g  u n a b le  to re la te  events  in the past to one a n o th e r .  It  is not p o ss ib le  
to a p p ly  a re fe re n c e  p e r io d  c o rre c tio n  lik e  tha t used in  fe r t i l i ty  a n a ly s is  
(B ra s s  et a l . ;  1968) . T h e r e  is no d o u b t th a t deaths a r e  om itted  a lto g e th e r  
and that the  o m iss ion s  a re  age s e le c tiv e , d eaths  a m o n g st young c h ild re n  
and  the e ld e r ly  b e in g  m ore l ik e ly  to be le ft  o u t. U s in g  the household  
as the u n it  o f e n q u ir y  leads to p rob lem s too. T h e  h o u se h o ld  is a ra th e r  
v a g u e  c o n c e p t, and  th e  usual d e fin it io n  o f it  as b e in g  a g ro up  o f p eo p le  
w ho u s u a lly  cook a n d  ea t to g e th er a llow s  some scope fo r  in te rp re ta tio n . 
N o r is the h ou seh o ld  a p erm a n e n t g ro up ; m em bers le a v e  and jo in ,  and  
som etim es th e  w h o le  g ro u p  m ay d is in te g ra te , e s p e c ia lly  i f  the head  of 
the  hou seh o ld  d ies ; h ouseho lds  o f a s in g le  person  o b v io u s ly  d is a p p e a r  
i f  the p ers o n  d ie s . A l l  these a m b ig u itie s  could be assoc ia te d  w ith
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I
u n d e r - r e p o r t in g  o r o v e r -r e p o r t in g  o f  d e a th s , and it  is  h a rd  to see 
how  s u c h  u n c e rta in  data can be o f a n y  use to the a n a ly s t. T h e  re s u lts  
o f s u c h  a q uestio n  h ave  som etim es b e e n  so bad th a t the  in fo rm a tio n  was 
s im p ly  abandoned  w ith o u t any d e ta i le d  a n a ly s is  b e in g  m ade o f it 
(U g a n d a  P ro te c to ra te ; 1962) .
D ire c t  re tro s p e c tiv e  q u es tio n s  a b o u t d ea th s  h a v e  not p ro v e d  a 
s a tis fa c to ry  w a y  o f es tim atin g  the le v e l o f m o rta lity  in  d e v e lo p in g  
c o u n tr ie s .  T h e  om issions and d is to r t io n s  a re  too s u b s ta n tia l fo r the  
in fo rm a tio n  to be o f any  v a lu e  b y  i t s e l f ,  and the e r r o r s  a re  too age  
s e le c t iv e  fo r an y  c o rre c tio n  te c h n iq u e  to w o r k .
1 .3  M u lt i-R o u n d  S u rv e y s
M u lt i - r o u n d  s u rv e y s  can p r o v id e  a d ir e c t  es tim a te  of m o rta lity  b y  
re p e a te d  enu m era tio ns  o f the  sam e a r e a .  Each in d iv id u a l is id e n tif ie d  
at ea c h  ro u n d , and the reasons fo r  a n y  in d iv id u a l b e in g  a b sen t a r e  
p ro b e d . T h e  age o f an in d iv id u a l w h o  has d ie d  w i l l  be a v a ila b le  from  
th e  p re v io u s  ro u n d , and the p o p u la tio n  at r is k  w i l l  be e n u m e ra te d  at 
each  ro u n d , so a ll the in fo rm atio n  re q u ir e d  fo r c a lc u la tin g  age s p e c if ic  
ra te s  shou ld  be a v a ila b le . R e c o rd in g  in fa n t d ea th s  is s t i l l  a p ro b le m ,  
b e c a u s e  even  if  the rounds a re  o n ly  s ix  m onths a p a r t ,  a h ig h  p ro p o rtio n  
o f th o s e  in fan ts  w ho d ie  can be b o r n  and d ie  b e tw een  ro u n d s . T h e  
e ffe c t o f th is  can be reduced  b y  re c o rd in g  p re g n a n c ie s , and p ro b in g  
th e  outcom e o f p re g n a n c ie s  w h ic h  fa i l  to re s u lt  in  a liv e  in fa n t on the  
n e x t  ro u n d , b u t e x p e rie n c e  has s h o w n  th a t in fa n t d ea th s  a re  in fac t 
a lw a y s  u n d e r -re p o r te d . T h is  m e th o d  does e x p e r ie n c e  o th e r  d if f ic u lt ie s  as 
w e l l .  T h e  id e n tif ic a tio n  of in d iv id u a ls  from  one ro u n d  to th e  n e x t  a lw a y s  
p re s e n ts  p ro b le m s , even w ith  v e r y  c a re fu lly  s u p e rv is e d  f ie ld  w o r k .
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D eaths to in d iv id u a ls  w ho  m ove in to  th e  a rea  and  d ie  betw een  rounds  
w ill  go u n r e c o r d e d , and  d ea th s  o f in d iv id u a ls  w h o  m ove out o f the a rea  
because th ey  a re  d y in g  w i l l  be  e x c lu d e d . H ea lth  s e rv ic e  fa c il it ie s  such  
as h o sp ita ls  and  d is p e n s a r ie s  lead to s e rio u s  s a m p lin g  p ro b le m s  because  
o f th e ir  a s s o c ia tio n  w ith  d e a th s . E n u m e ra tio n s  c an  n e v e r  be a b s o lu te ly  
com ple te , and o ld  p eo p le  l iv in g  a lo n e  h av e  a h ig h  m o rta lity  r is k  and a 
h ig h  r is k  o f not b e in g  e n u m e ra te d .
M u lt i - r o u n d  s u r v e y s  a re  l ik e ly  to p ro d u ce  m o re  s a tis fa c to ry  
m o rta lity  in fo rm a tio n  than  d ir e c t  q u e s tio n s  in a c e n s u s , b u t th e re  is 
s tro n g  e v id e n c e  th a t  m o rta lity  in  c h ild h o o d  and  o ld  age is s t i l l  
u n d e re s tim a te d . Such  s u r v e y s  ten d  to be ra th e r  e x p e n s iv e , and a re  
in c a p a b le  o f p r o d u c in g  re s u lts  q u ic k ly .
1 .4  Dual R e c o rd  System s
T h e s e  s u r v e y s ,  m uch in  vo g u e  o v e r  the la s t d ecad e, com bine two  
su p p o s e d ly  in d e p e n d a n t d a ta  c o lle c tio n  s y s te m s . A con tin uo us  
re g is tra tio n  o f v i t a l  e v e n ts  is c o n d u c ted  in each sam ple a re a , and at 
re g u la r  in t e r v a ls ,  e v e ry  s ix  m onths o r  so, an e n u m e ra tio n  and  
re tro s p e c tiv e  s u r v e y  o f e v e n ts  is a lso  c a rr ie d  o u t . V ita l e v e n ts  re c o rd e d  
b y  the two s y s te m s  a re  th e n  m a tc h e d , and the n u m b e r o f e v e n ts  re c o rd e d  
b y  both s y s te m s , o r  b y  o ne  system  b u t not the  o th e r ,  a re  ad d e d  u p . A  
sim p le  c o r r e c t io n ,  based on the assum ption  th a t the p ro b a b il i ty  o f an 
e v e n t b e in g  o m itte d  fro m  one system  is in d e p e n d a n t o f the p ro b a b ility  
o f its om iss ion  fro m  the  o th e r ,  is m ade fo r the e v e n ts  om itted  b y  both  
sys tem s.
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T h e  d ua l re c o rd  system  has been tr ie d  on a la rg e  scale in  s e v era l 
c o u n tr ie s . N o ta b le  exam ples  a re  the  P o pu la tio n  G ro w th  E s tim a tio n  
S u rv e y  in  P a k is ta n  (R ep o rt; 1968) and  the T u r k is h  D e m o g ra p h ic  S u rv e y  
(1970) . T h e  m ethod does h a v e  v e ry  o b v io u s  a ttra c tio n s . T w o  d ata  
c o lle c tio n  system s a re  l ik e ly  to om it fe w e r even ts  th a n  o n e , a n d  each 
system  can b e  s e t up to c o lle c t the s o rt of in fo rm a tio n  fo r w h ic h  it is 
best s u ite d . T h u s  a re g is tra t io n  system  is good fo r d a te s , b ecau se  the  
r e g is tr a r  w i l l  kno w  the W e s te rn  c a le n d a r , w h e re a s  an e n u m e ra tio n  can 
p ro b a b ly  a c h ie v e  a b e tte r c o v e ra g e , and p ro v id e  a base p o p u la tio n  for 
c a lc u la tin g  r a te s . F in a lly ,  th e  method in c o rp o ra te s  a c o n ju r in g  tr ic k  
w h e re b y  the n u m b e r o f e v e n ts  not re c o rd e d  b y  e ith e r  c o lle c tio n  system  
can b e  e s tim a te d . T h is  c o rre c t io n , a lth o u g h  it is in  p ra c tic e  o ften  s m a ll, 
has c a u g h t th e  d e m o g ra p h e r’ s im a g in a tio n , and has much to d o  w ith  
the p re s e n t p o p u la r ity  o f th e  dual re c o rd  system .
T h e  system  has also com e in fo r a c o n s id e ra b le  am ount o f c r it ic is m .  
C o lle c tin g  a ll the  data tw ic e  is v e ry  e x p e n s iv e , m a in ta in in g  ind ep en d en ce  
is a lm ost im p o s s ib le , and in  p ra c tic e  the m atch ing  is a s e v e re  p ro b lem . 
T h e  assum ption  on w h ich  th e  C h a n d ra s e k a r-D e m in g  c o rre c tio n  (1999) 
is based  is o pen  to c o n s id e ra b le  d o u b t, and the s iz e  o f the c o rre c tio n  
is g e n e ra lly  sm a ll in com pariso n  w ith  the im p ro vem en t b ro u g h t about 
by d u p lic a t in g  the co lle c tio n  system s. In p ra c tic e . B rass  (1971a) has 
show n that th e  c o rre c tio n  c a lcu la te d  fo r the  T u r k is h  D em o g rap h ic  
S u rv e y  was m uch too sm all to account fo r a ll the b ir th s  o m itte d . T h is  
cou ld  have  re s u lte d  from  o v e r  m a tc h in g , as w e ll as from  the  om ission  
of p a r t ic u la r  typ e s  of b ir th s  from  both s u rv e y s .
T h e  use o f two data  co lle c tio n  system s seems lik e ly  to re d u c e  the
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n u m b e r o f e v e n ts  o m itted  b y  a w o r th w h ile  a m o u n t, tho ug h  p a r t ic u la r  
typ es  o f e v e n ts  a r e  l ik e ly  to b e  o m itted  b y  b o th . T h e  im p ro v e m e n t that 
re s u lts  fro m  m a in ta in in g  in d e p e n d e n ce  and a p p ly in g  the C h a n d ra s e k a r -  
D em ing  c o r re c t io n  is sm all in  m ost cases . T h e  m ethod is  m o re  s u ita b le  
fo r some s o c ie ties  and  c u ltu re s  th a n  fo r o th e r s ,  for e x a m p le  m ore s u ita b le  
fo r South  E a s t A s ia  th a n  fo r A f r ic a .  T h e  m ethod  is e x p e n s iv e  and  
a d m in is tra t iv e ly  c o m p le x , so its  a d v a n ta g es  in  a p a r t ic u la r  s itu a tio n  
need to b e  c le a r ly  re c o g n is a b le  i f  i t  is to be a d o p te d .
1 .5  O th e r D ire c t  M ethods
S a m p le  v ita l re g is tra t io n  system s h av e  b e e n  in tro d u c e d  in s e v e ra l 
c o u n tr ie s  in  the last few  y e a rs .  T h e s e  can p ro b a b ly  be ju s t if ie d  on the  
g ro u n d s  o f b e in g  a f i r s t  s tep  to w a rd s  a n a tio n a l v ita l re g is tr a t io n  
system . S u ch  a system  has s u b s ta n tia l long te rm  a d m in is t ra t iv e  b en e fits  
q u ite  a p a r t  from  its s ta t is tic a l v a lu e . T h e  in tro d u c t io n  of su c h  a system  
p ro b a b ly  has  to b e  done in  a s te p w is e  fa s h io n , b u t it  is d o u b tfu l w h e th e r  
the e a r ly  d a y s  o f such a system  cou ld  p r o v id e  u se fu l s ta t is tic a l  
in fo rm a tio n . I f  th e  re g is tra t io n  system  o f a d u a l re c o rd  s u r v e y  is u n a b le  
to re c o rd  a l l  e v e n ts , th e re  is no reaso n  w h y  a sam ple re g is tr a t io n  
system  s h o u ld  b e  a b le  to , e s p e c ia lly  as it is com m on to f in d  fr ic tio n  
b etw een  th e  s ta tis tic a l and legal o rg a n is e rs  o f such a s y s te m .
1 .6  C o n c lu s io n
No e n t ir e ly  s a tis fa c to ry  system  has y e t b ee n  d e v is e d  fo r  the d ir e c t  
c o lle c tio n  o f m o rta lity  in fo rm a tio n  in  d e v e lo p in g  c o u n tr ie s .  It seems 
h ig h ly  u n l ik e ly  th a t th e re  cou ld  be such a s a tis fa c to ry  s y s te m , g iv e n  
the w e ll k n o w n  p ro b lem s  o f data  c o lle c tio n . T h e  s p re a d  o f  edu c a tio n .
and th e  in c re a s in g  consc iousness  o f t im e  and n u m b e r w il l  u lt im a te ly  
re s o lv e  these  d a ta  c o lle c tio n  p ro b le m s , b u t in  the m eantim e th e re  is  
a p la c e  fo r  in d ir e c t  m eth o d s . Such in d ir e c t  m ethods m easure  the m ean  
e ffe c t o f  m o rta lity  o v e r a s p re a d  o f ra n g e s  o r  p e r io d s , and a re  th u s  
not s u ita b le  fo r e s tim a tin g  age s p e c ific  m o rta lity  ra te s . In d ire c t  m etho d s  
aim  to p ro v id e  a s a tis fa c to ry  estim ate  o f  the o v e ra ll leve l o f m o r ta l i ty ,  
p e rh a p s  d iv id e d  c ru d e ly  in to  c h ild  and  a d u lt com ponents. A m o d el life  
ta b le  can then  be fitted  to o b ta in  a p p ro x im a te  age s p e c ific  ra tes  i f  these  
a re  r e q u ir e d .  I f  the in d ir e c t  m ethods a r e  s a tis fa c to ry , and the m o d el 
l i fe  ta b le  is r e a l is t ic ,  th e  re s u lta n t  d e s c r ip t io n  o f m o rta lity  w ill  b e  m ore  
s a tis fa c to ry  th a n  could  b e  o b ta in ed  b y  a n y  o f the  d ire c t  m ethods.
T h e  re s e a rc h  re p o rte d  in th is  th e s is  was d ire c te d  tow ards  
im p ro v in g  the  in d ire c t  e s tim a tio n  o f a d u lt  m o r ta l i ty . C h ap ter 2 g iv e s  a 
b r ie f  re v ie w  o f e x is t in g  in d ire c t  app ro a c h e s  to m o rta lity  e s tim a tio n , and  
o u tlin e s  the  tw o d ev e lo p m en ts  s u g g e s te d . C h ap te rs  3 and H d e s c r ib e  
th e  d e ta ils  o f th e  two d e v e lo p m e n ts . C h a p te r  5 shows the a p p lic a tio n  
of th e  m ethods to e m p ir ic a l d a ta , and  assesses th e ir  success. C h a p te r  
6 sum s u p , and  d ra w s  g e n e ra l con c lus ion s  about the two d e v e lo p m e n ts , 
w h ile  C h a p te r  7 exam in es  the im pact on  the m ethods of two im p o rta n t  
b ia s e s .
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C H A P T E R  TW O
In d ire c t  A p p ro a c h e s  to M o r ta lity  Estim ation
2 .1  In tro d u c t io n .
A n  in d ir e c t  a p p ro a c h  to the es tim ation  of m o r ta l i ty  uses as its  
m a te ria l the  c u m u la tiv e  e ffe c t of past deaths on the  p o p u la tio n  ra th e r  
than  the  n u m b e r o f d ea th s  o v e r a g iv e n  p e r io d . S e v e ra l p o p u la tio n  
fe a tu re s  a re  d e te rm in e d  b y  the in c id en ce  of m o r ta l i ty ,  and can thus  
p ro v id e  p o s s ib le  m ethods of e s tim atin g  the in c id e n c e  of m o rta lity .
T h e  hope is th a t the in fo rm atio n  w ill  be e a s ie r to c o lle c t ,  and  th a t less 
s e n s it iv e  q u e s tio n s  w il l  be need ed , than  w ith  d ir e c t  q u e s tio n s  about 
d e a th s . O ne o bv iou s  p o p u la tio n  p ara m e te r a ffec ted  b y  the le v e l and age  
p a tte rn  o f m o rta lity  is th e  age d is tr ib u t io n . It is m o re  a ffec ted  b y  the  
le v e l o f f e r t i l i t y ,  h o w e v e r , and is su b jec t to w e ll k n o w n  re p o r tin g  
e r r o r s ,  so b y  its e lf  it is o f  litt le  v a lu e  as a m e a s u re  o f m o rta lity . A 
m ethod o f e s tim a tin g  in fa n t  and c h ild  m o rta lity  fro m  p ro p o rtio n s  dead  
am ong c h ild re n  e v e r  b o rn e  by wom en of v a rio u s  a g e  g ro u p s  has been  
d ev e lo p e d  b y  B rass  (1964 ) . T h is  m ethod , and a d e v e lo p m e n t o f it  due  
to S u lliv a n  (1 9 7 2 ) , has been w id e ly  and a p p a re n t ly  s u c c e s s fu lly  u sed . 
M ore  re c e n t ly ,  a m ethod of e s tim atin g  ad u lt m o r ta l i ty  from  p ro p o rtio n s  
o rp h a n e d  b y  age has b een  deve lo ped  b y  B rass (B ra s s  and H ill;  I973) , 
and  has b een  used in s e v e ra l A fr ic a n  and Latin  A m e r ic a n  c o u n tr ie s . 
O th e r  im p o rta n t in d ir e c t  methods in c lu d e  the a p p lic a tio n  o f q u a s i-s ta b le  
age d is tr ib u t io n  te c h n iq u e s  (U n ite d  Nations; I9 6 7 b ) and the  use of 
su c c e s s ive  census age d is tr ib u t io n s  to ca lcu la te  s u r v iv o r s h ip  
p ro b a b il i t ie s  (C a r r ie r  and  H obcra ft; 1971) . T h e  com m on fe a tu re  of a ll 
these in d ir e c t  m ethods is that estim ates d e r iv e d  f ro m  them  a re  a v e ra g e s
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o f m o rta lity  e x p e r ie n c e  o v e r lo n g  p e r io d s . T h e  m ethods  th em se lves  
in v o lv e  a fu r th e r  a v e ra g in g  p ro c e s s , so t h e ir  use is  m o re  s a tis fa c to ry  
w h e re  ra tes  h a v e  not been c h a n g in g  r a p id ly ,  and th e y  a re  in c a p a b le  
o f e s tim a tin g  ra te s  s p e c ific  fo r a n y  o th e r p o p u la tio n  fe a tu re s , such  as 
e d u c a tio n , o r  soc ia l c la s s .
T h is  c h a p te r  w ill  g iv e  an o u t l in e  o f th e s e  in d ir e c t  m ethods. A  
m o re  d e ta ile d  account o f the d e v e lo p m e n t a n d  a p p lic a tio n  of the  
o rp h a n h o o d  a n a ly s is  w ill  be g iv e n ,  s ince  th is  is o f re le v a n c e  to the  
m ethods d ev e lo p e d  in s u b s e q u e n t c h a p te rs . T h e s e  m ethods th em se lves  
w il l  be in tro d u c e d , to show  w h ic h  fau lts  o f  the e x is t in g  app ro a c h e s  
th e y  a re  in te n d e d  to o ve rc o m e. A  m ore c o m p re h e n s iv e  s u rv e y  o f in d ire c t  
tec h n iq u e s  in g e n e ra l has b een  w r it te n  b y  B rass  (19 7 3 ) .
2 .2  In d ire c t  E s tim ation  o f C h i ld  M o r ta l i ty .
Women o f a g iv e n  age g r o u p  w il l  h a v e  g iv e n  b ir t h  to c h ild r e n  at a 
ra n g e  o f e a r l ie r  ages . T h e s e  c h i ld r e n  w i l l  have  b een  exposed  to the  
r is k  o f d y in g  fo r  a p e r io d  e q u a l to the d if fe re n c e  b e tw e e n  the m o th e r's  
age at th e ir  b ir th  and the  m o th e r 's  c u r r e n t  a g e . A  p ro p o rtio n  o f these  
c h ild re n  w il l  h ave  d ie d , and t h e r e  w il l  b e  some age  A such that 
th e  p ro b a b ility  o f d y in g  b e tw e e n  b ir th  a n d  age A  is  equal to th is  
p ro p o r t io n . T h is  age A  is a m o rta lity  w e ig h te d  a v e ra g e  of the  
e x p o s u re s  to r is k ,  and the e x p o s u re s  to r is k  a re  d e te rm in e d  b y  the  
ag e  p a tte rn  o f f e r t i l i t y ,  a n d , to  a le s s e r e x te n t ,  b y  th e  age d is tr ib u t io n  
o f the  w om en w ith in  the age g r o u p .  B ra s s  (1969) c a lc u la te d  v a lu e s  of A  
u s in g  a s im p le  po lyno m ia l f e r t i l i t y  d is tr ib u t io n  m o v a b le  o v e r  a ra n g e  of 
age lo c a tio n s , to g e th er w ith  a s ta n d a rd  m o rta lity  p a tte rn  and  a s tab le  
age d is t r ib u t io n . It was fou nd  th a t the  p ro p o rt io n s  o f c h ild re n  d ead  for
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m o th e rs  in s ta n d a rd  fiv e  y e a r  age g ro up s  c o rre s p o n d e d  v e ry  c lo s e ly  
to l i fe  ta b le  p ro b a b ilit ie s  o f d y in g  from  b ir th  to in te g e r ages I .
A s e r ie s  o f fac to rs  w e re  c a lc u la te d  for c o n v e rt in g  v a lu e s  of A  in to  
e s tim a te s  of q ^  . In d ic e s  o f the age location  of c h ild b e a r in g  w e re  
g iv e n  fo r  s e le c tin g  a s u ita b le  se t o f fac tors  fo r  a g iv e n  a p p lic a tio n .
S u l l iv a n  (1972) has d e v e lo p e d  a ra th e r  d if fe re n t  ap p ro ach  to the  
a n a ly s is  o f the sam e in fo rm a tio n . U sing  a n u m b e r o f o b s e rv e d  fe r t i l i t y  
d is t r ib u t io n s  and a v a r ie ty  o f p a tte rn s  and  leve ls  o f m o rta lity  from  the  
C o a le -D e m e n y  (19 6 6 ) model l i fe  tab le  s y s te m , he e x a m in e d  the 
re la t io n s h ip  b e tw e e n  A a n d  q ^  in a v a r ie ty  o f s itu a t io n s . H is  
c o n c lu s io n  was th a t the B ra s s  method g a v e  s a tis fa c to ry  es tim ates , b u t  
he p ro p o s e d  a s im p le r  p ro c e d u re  of h is  o w n  based on h is  reg re s s io n  
e q u a tio n s . In p ra c tic e , the tw o  system s g iv e  v e ry  s im ila r  re s u lts .
T h is  method o f e s tim a tin g  ch ild ho od  m o rta lity  is th e  show piece of 
in d ir e c t  m o rta lity  e s tim a tio n . I t  has been w id e ly  u s e d , and  has g iv e n  
p la u s ib le  es tim ates  in  a v a r ie ty  o f s itu a tio n s . It has b ee n  shown to be  
ro b u s t  to age m is re p o r t in g , and  is not too s e r io u s ly  a ffec ted  b y  m o rta lity  
c h a n g e s  s ince  m ost o f the d e a th s  a re  f a i r ly  re c e n t. T h e r e  a re  o bv iou s  
p o s s ib il it ie s  fo r b ia s  h o w e v e r. It is p o s s ib le  that n e o -n a ta l deaths m ay  
be o m itte d , and a re la tio n  b e tw e e n  m a te rn a l and c h ild  m o rta lity  w ou ld  
re d u c e  the es tim a te  of m o r ta l i ty .  On the o th e r  h an d , th e re  is the  
p o s s ib il i ty  th a t s t i l lb ir th s  m ig h t be in c lu d e d  w h ich  w o u ld  lead to an 
o v e re s tim a te  o f m o rta lity . T h e  method seem s to w o rk  re l ia b ly  o n ly  fo r  
q and q . . .  based on  re p o rts  o f m others  aged 20 to 29 and 25 to
29; f o r  wom en o ld e r  than th is ,  dead c h ild re n  seem o fte n  to be s e le c tiv e ly  
o m itte d . W here th e  com pariso n  w ith  re a s o n a b ly  r e l ia b le  re g is tra tio n  
in fo rm a tio n  has b ee n  p o s s ib le , th is  in d ire c t  method h as  g iven  s im ila r .
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th o u g h  on the  w h o le  s l ig h t ly  h ig h e r ,  e s tim ates  o f c h ild h o o d  m o rta lity .
A ll in  a l l ,  th e  e v id e n c e  s u g g es ts  th a t th e  m ethod g iv e s  re a s o n a b le  
e s tim ates  u n d e r  most c irc u m s ta n c e s .
2 .3  Q u a s i-S ta b le  Age D is tr ib u t io n s .
T h e  age d is tr ib u t io n  o f a p o p u la tio n  is d e te rm in e d  m ore  b y  fe r t i l i t y  
than  b y  m o r ta l i ty ,  and b y  its e lf  it is an u n p ro m is in g  s o u rc e  of 
in fo rm a tio n  on m o rta lity . T y p ic a l p a tte rn s  of age m is r e p o r t in g , and  
f a i r ly  sm all d e v ia t io n s  fro m  th e  as s u m p tio n  of s ta b i l i ty ,  can  m ake  
q u ite  la rg e  d if fe re n c e s . I f  a d d itio n a l in fo rm a tio n  on the  le v e l o f 
c h ild h o o d  m o rta lity  is a v a ila b le ,  m ore s a tis fa c to ry  es tim ates  o f a d u lt  
m o rta lity  can  be ach ie v e d  b y  f itt in g  a s u ita b le  s ta b le  p o p u la tio n  u s in g  
p ro p o rtio n s  u n d e r  15 an d  o v e r  45 . T h e  m ethod is s t i l l  o n ly  
s u ita b le  fo r use  w ith  age d is tr ib u t io n s  f re e  from  m a jo r s y s te m atic  
d is to r t io n s  u n d e r  a p p ro x im a te ly  s tab le  c o n d itio n s . A  k n o w le d g e  of the  
ra te  o f n a tu ra l in c re as e  can g re a t ly  im p ro v e  the  q u a lity  o f es tim ates  of 
a d u lt  m o r ta l i ty ,  b u t s ince  th e  es tim a tio n  o f the fo rm e r is o ften  d e p e n d e n t  
on th e  la tte r  th e re  is d a n g e r  o f a c i r c u la r  a rg u m e n t. T h e  com bin atio n  
o f fac to rs  re q u ir e d  to m ake q u a s i-s ta b le  age d is tr ib u t io n  a n a ly s is  w o rk  
s e r io u s ly  r e s tr ic ts  its v a lu e  fo r e s tim a tin g  the o v e ra ll  le v e l o f a d u lt  
m o rta l i ty ,  and  it is o f l i t t le  v a lu e  a n y w a y  in e s tim a tin g  c h ild h o o d  
m o rta l i t y .
2 .4  In te r -C e n s a l S u r v iv a l .
I f  two e n u m e ra tio n s  a re  he ld  in  a c losed  p o p u la tio n  ten  y e a rs  a p a r t ,  
th e  s u r v iv o r s  o f any c o h o rt in  the f i r s t  e n u m e ra tio n  w i l l  m ake up the  
age  g ro u p  10 y e a rs  o ld e r  in  the second e n u m e ra tio n . T h e  p ro b a b ility
o f s u r v iv in g  from  o n e  age g ro u p  fo r 10 y e a rs  can th e n  be d ir e c t ly  
c a lc u la te d . It  is  s tr a ig h t fo rw a rd  to c a lc u la te  a life  ta b le  from  th is  
in fo rm a tio n , b u t u s u a lly  the s u r v iv o r s h ip  ra tios  w i l l  be s e r io u s ly  
a ffe c te d  b y  age m is re p o r t in g  and  an y  re s id u a l m ig ra tio n  effect; the  
m ethod  is also h ig h ly  s e n s it iv e  to  s lig h t  changes in censu s  c o v e ra g e , 
the  r e la t iv e  e ffec t b e in g  g re a te s t fo r low  m o rta lity  a g e  g ro u p s . I t  is  
q u ite  com m on in p ra c t ic e  to f in d  s u r v iv o r s h ip  ra tio s  g re a te r  than  one 
fo r  fem a les  s u r v iv in g  from  10 to 14 to 20 to 24, o r  15 to 19 to 25 to 29. 
Some sm o oth in g  te c h n iq u e  is thus need ed  b efo re  a s a tis fa c to ry  life  
tab le  c a n  be d e v e lo p e d . O nce a g a in , s ta b le  age d is t r ib u t io n s  a re  used  
in th is  sm ooth ing  p ro c e s s . W ith  re a s o n a b le  age re p o r t in g  and s a tis fa c to ry  
e lim in a t io n  o f m ig ra t io n , th is  m ethod can  g iv e  ra th e r  good re s u lts  fo r 
a d u lt  m o r ta l i ty ,  th o u g h  o f c o u rs e  an es tim ate  of c h ild h o o d  m o rta lity  
has to b e  a v a ila b le  fro m  some o th e r s o u rc e . T h e  m etho d  is o n ly  s u ita b le  
fo r v e r y  la rg e  s c a le  e n u m e ra tio n s , and  is not a p p lic a b le  to sam ple  
s u r v e y s .
2 .5  In fo rm a tio n  on  O rp h an h o o d
It  is c le a r  th a t the  in c id e n c e  o f o rp hanh oo d  is som e s o rt o f in d e x  of 
a d u lt  m o r ta lity . A  re s p o n d e n t aged 20 w i l l  have h ad  a m o ther a liv e  at 
b ir t h .  T h e  p ro b a b i l i ty  o f the  m o ther s t i l l  b e in g  a l iv e  w il l  be the  
p r o b a b i l i ty  o f s u r v iv in g  from  the  m o th e r's  age at th e  b ir th  o f the  
re s p o n d e n t, a , to  age a + 20 . In  a g ro u p  o f re s p o n d e n ts  aged 20,
th e  p ro p o rt io n  o rp h a n e d  w ill  be d e te rm in e d  by the  a g e  d is tr ib u t io n  of 
the  m o th e rs  at th e  b ir th s  o f these  re s p o n d e n ts , and the  leve l and p a tte rn  
o f m o r t a l i ty .
T h e  f i r s t  p e rs o n  to in v e s tig a te  th e  re la t io n s h ip  b e tw een  m o rta lity
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an d  ophanhood w as L o tka  (1931) . H is  in te re s t w as in e s tim a tin g  the  
in c id e n c e  o f o rp h a n h o o d  fo r  a g iv e n  level o f m o rta lity . H e s h o w e d  that 
in  a hom ogeneous p o p u la tio n , the  p ro p o rt io n  o f persons aged a h av in g  
a s u r v iv in g  fa th e r  can  be a p p ro x im a te d  as
p (a ) ' (t+a) 
' ( t - i )
w h e r e  t is the  m ean age of fa th e rs  at the  b ir th  o f th e ir  c h i ld r e n .  
T h r e e  q u a rte rs  o f a y e a r  is s u b tra c te d  from  t in the d e n o m in a to r  to 
a llo w  fo r the  fac t th a t c h ild re n  a re  a t r is k  o f p a te rn a l o rp h a n h o o d  
fro m  conception  r a th e r  than  from  b i r t h .
T h e  f i r s t  p erso n  to  sug gest e s tim a tin g  m o rta lity  from  in fo rm a tio n  
on o rp hanh oo d  w as H e n r y  (1 9 6 0 ) , w h o  p roposed  a m ethod o f f i t t in g  a 
one p a ra m e te r m odel l i fe  tab le  to th e  d a ta . H is  in te re s t w as p r in c ip a l ly  
in  h is to r ic a l p o p u la tio n s , though h e  noted the p o s s ib ility  o f u s in g  the  
m ethod  in  c o u n tr ie s  w ith  d e fic ie n t d a ta .
T he  m ethod is b ased  on the L o tk a  ap p ro x im a tio n  a lre a d y  g iv e n .  
T h e  same a p p ro x im a tio n  is also u s e d  fo r m a te rn a l o rp h a n s , in c lu d in g  
th e  ad ju s tm ent to th e  d e n o m in a to r . T h is  is inc lu d e d  to take  a c c o u n t of 
th e  r is k  o f the  m o th e r d y in g  w h ils t  g iv in g  b ir th  to the re s p o n d e n t. In  
p ra c tic e , th is  a d ju s tm e n t is re p la c e d  by  a fac to r of 0 .9 9  a p p lie d  to the  
m ean p ro b a b ility  o f a p a re n t s u r v iv in g  a g iv e n  p e rio d .
T h e  p ro b a b il i ty  o f s u r v iv in g  fro m  any  age t to any a g e  t+a 
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w h e r e  SQ, a .  and  0 ,  a re  c o n s ta n ts . T h is  g iv e s  an a d e q u a te
re p re s e n ta t io n  o f  the  chan ge  in s u r v iv a l ra te s  w ith  a g e . I f  S ( t )  isa
th e  p ro b a b i l i ty  o f s u r v iv in g  from  age t to age t+ a , and S ( a )  is
its  m e a n , the v a r ia n c e  o f th e  age d is t r ib u t io n  of fa th e rh o o d  and  m o th e r-
2
hood in  the  p o p u la tio n  b e in g  a ,
S (a ) = S Q -  a t  - 0 ( t 2 +<r2 )
= Sa (t)  - 0  a2
I f  P g is th e  p ro p o rtio n  o f re s p o n d e n ts  aged  a w ho  a re  o rp h a n e d ,  
th e  c o rre c t io n  fa c to r  in  th e  d en o m in a to r is  now a p p lie d , so
a)
f t)  -  0a2]
S (t) , th e  p ro b a b il i ty  o f s u r v iv in g  from  th e  m ean age o f c h i ld -  
a
b e a r in g  fo r a y e a rs , is not d e te rm in e d  because 0 is a fu n c tio n  o f 
m o r ta l i ty .  H o w e v e r , s im p ly  ig n o r in g  th e  term  in c lu d in g  0 g iv e s  a 
s a tis fa c to ry  f i r s t  a p p ro x im a tio n  fo r th e  s o lu tio n  p ro c e s s . U s in g  U n ite d  
N a tio n s  (1955 ) model life  ta b le s , H e n r y  c a lcu la te d  v a lu e s  o f 0 fo r  
a v a r ie t y  o f m o r ta l i ty  le v e ls  and v a lu e s  o f  a , to g e th e r w ith
1-p = 0 .9 9  S  (a
fro m  w h ic h 1-P a
= 0 .9 9  SL a
1 -  P
SO Sa (t) =  ----------------  H
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p ro b a b ilit ie s  o f s u r v iv in g  fo r a y e a rs  fro m  a ra n g e  of p o ss ib le  v a lu e s  
o f t . T h e re  a re  s e v e r a l  life  tab les  w h ic h  w i l l  sa tis fy  the v a lu e  of 
Sg (t) , but because o f  the v e ry  s tro n g  c o r re la t io n  betw een  m o rta lity
ra tes  d u r in g  a d u lth o o d , the d if fe re n t  s o lu tio n s  a re  a ll v e ry  s im ila r .
H e n ry  notes th a t i t  has to be assum ed th a t th e re  is no re la t io n s h ip  
b etw een  m o rta lity  a n d  fe r t i l i t y ,  and  s u p p o rts  th is  assum ption  by  the  
lack  o f a n y  such c o n n e c tio n  b e in g  found in  the h is to r ic a l p op u la tio ns  
of G eneva  and C ru la i . He also p o in ts  out th a t it  is o n ly  the m a rr ie d  a d u lts  
w hose m o rta lity  is e s tim a te d , b u t does not re g a rd  th is  as a se rio us  
lim ita tio n  because th e  m a rrie d  p o p u la tio n  re p re s e n ts  such a h igh  
p ro p o rtio n  o f the to ta l p o p u la tio n . T h e  p ro b le m  of d e c lin in g  m o rta lity  
is also  touched  o n , w i t h  the com m ent th a t the m ethod is at its  best 
w h en  rates  a re  c h a n g in g  s lo w ly , i f  at a l l .  He recom m ends th a t the  
a n a ly s is  fo r d e v e lo p in g  c o u n trie s  be lim ite d  to resp on den ts  aged betw een  
15 and  25, to m in im is e  the e ffects  o f age m is r e p o r t in g .
T h is  m ethod is n o t  v e ry  c o n v e n ie n t to a p p ly ,  and  as it stands it is 
in s u ff ic ie n t ly  f le x ib le  to be lin k e d  w ith  o th e r  m o rta lity  in fo rm a tio n , such  
as an estim ate  of c h ild h o o d  m o rta lity . W ith o u t le n g th y  fu r th e r  c a lc u la tio n s , 
the m ethod is in e x t r ic a b ly  bound up w ith  the  U n ite d  N ations model life  
tab le  system , w h ic h  imposes a s e rio u s  lim ita tio n .
A  m ore c o n v e n ie n t  and f le x ib le  m ethod has been d eve lo p ed  b y  B rass  
(B ra s s  and H ill;  1 9 7 3 ) . T h e  b as ic  app ro a c h  is  ra th e r  d if fe re n t  from  th a t  
of H e n r y . T h e  re la t io n s h ip  betw een  o rp h a n h o o d  and c e rta in  life  tab le  
fun c tio ns  is in v e s t ig a te d  by m eans o f s u ita b le  m odels. T h is  is done fo r  
a ra n g e  of age g r o u p s  o f re s p o n d e n ts , and fo r  a ran g e  of age locations  
o f f e r t i l i t y .  T h e s e  m o d el re la tio n s h ip s  a re  th e n  assum ed to be a p p lic a b le
to  re a l w o r ld  s itu a tio n s , and a re  used to c o n v e rt p ro p o rtio n s  o ip h a n e d  
in t o  life  tab le  fu n c tio n s . T h e  m ethod can then  be e x te n d e d  to in c lu d e  
a n y  in fo rm atio n  a v a ila b le  on c h ild  m o r ta l i ty ,  and a s u ita b le  life  ta b le  
c a n  be d e v e lo p e d .
T h e  d e r iv a t io n  o f the  o rp h an h o o d  m odel w il l  be  d e s c r ib e d  fo r  the  
s a k e  o f con v e n ie n c e  in  term s o f  m a te rn a l o rp h an h o o d ; the p r in c ip le s  
f o r  p a te rn a l o rp h a n h o o d  a re  ju s t  the s am e . A  g ro u p  o f re s p o n d e n ts  aged  
a  a re  s u r v iv o rs  of b ir th s  th a t o c c u rre d  a y e a rs  ag o . I f ,  a y e a rs  
a g o ,  the n u m b e r o f w om en  ag ed  t w as  A ( t )  , a n d  the p ro b a b ility
o f  h a v in g  a c h ild  at a g e  t w as  f ( t )  , th e  n u m b e r o f c h ild re n  b o rn  a 
y e a r s  ago is g iv e n  b y
w h e r e  p and  q a r e  the  e a r lie s t  and  la tes t ages a t w h ich  c h ild b e a r in g  
o c c u r r e d . T h e  p ro b a b il i ty  o f s u r v iv in g  fro m  ex a ct age  t to e x a c t  age
T he  age d is tr ib u t io n  o f th e  o r ig in a l w om en can b e  re p re s e n te d  by  
a  s tab le  p o p u la tio n  fo rm , su ch  that
C (a ) A ( t )  f ( t )  d t
P
t+ a  i s I (t+ a ) 71 (t)
so th e  p ro p o rtio n  o f the m o thers  s t i l l  s u r v iv in g
w i I I  be
( 2 . 1) P (a ) P
A  (t)  f ( t )  d t
q
24
A ( t )  = k e  r t  l i t )  
a n d  th is  a llo w s  e q u a tio n  2 .1  to b e  r e w r it te n  as
( 2 . 2 ) P (a )
- r t
e f i t )  I (t+a) d t
e r t  f ( t )  l (t) d t
T h e  p ro p o rt io n  n o t o rp h a n e d  a t  p o in t v a lu e s  of a can b e  estim ated  
fro m  e q u a tio n  2 .2  b y  the  u se  o f  m odel f e r t i l i t y  and  m o rta lity  s c h e d u le s . 
B ra s s  u sed  a s im p le  p o ly n o m ia l o f  the  fo rm .
f i t )  = c  ( t - s )  ( s + 3 3 - t ) 2
to  re p re s e n t  the f e r t i l i t y  d is t r ib u t io n ,  and  th e  G e n e ra l S ta n d a rd  life  
ta b le  (B ra s s ; 1971b) fo r  m o r ta l i ty .  P ro p o rtio n s  not o rp h a n e d  b y  age g ro up s  
c an  then  b e  e s tim ated  from  the  p o in t  v a lu e s  b y  the  u se  o f s u ita b le  age  
d is t r ib u t io n  fa c to rs .
L ife  ta b le  s u r v iv o r s h ip  p ro b a b il i t ie s  fro m  an a r b i t r a r y  b as e  age B 
to  age B+N a re  re la te d  to th e  p ro p o rtio n s  n o t o rp h a n e d  in  p a ir s  o f age 
g ro u p s  c e n tre d  on age  N . W e ig h ts  a re  u s e d  for th is  p u rp o s e , acco rd in g  
to  the e s tim a tin g  e q u a tio n .
(B +N ) = w (N )  5PN - 5 + ( 1 - w ( N ) )  5PN
(B )
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V a lu e s  o f w w e re  ca lcu la te d  fo r  N 's  ra n g in g  from  10 to 60 , for
a v a r ie ty  o f age locations of th e  fe r t i l i t y  fu n c tio n . T h ese  w e ig h ts  can 
then  be  a p p lie d  to re p o rte d  p ro p o rtio n s  not o rp h a n e d  to estim ate  the 
life  ta b le  s u r v iv o rs h ip  p ro b a b ilit ie s  o f the ac tu a l p o p u la tio n . T h e  re le v a n t  
set o f w e ig h ts  fo r  a p a r t ic u la r  a p p lic a tio n  is se lec ted  by the m ean age of 
c h ild b e a r in g  in the s tab le  p o p u la tio n . B is f ix e d  at 25 , w h ic h  is
a c o n v e n ie n t v a lu e  w hen  a p p ly in g  the m ethod .
T h e  method p roposed  fo r es tim a tin g  a d u lt m ale  m o rta lity  from  p a te rn a l 
o rp h a n h o o d  is v e r y  m uch the  sam e. A d if fe re n t  f e r t i l i t y  m odel, w ith  a 
ra n g e  o f 60 y e a rs ,  and the second term  cu b ed  ra th e r  than s q u a re d , is 
u s e d . It  has to be rem em b ered  tha t the e x p o s u re  to r is k  o f p a te rn a l 
o rp h a n h o o d  is the  re s p o n d e n t's  age p lus  th re e q u a r te rs  of a y e a r .  T h is  
fa c to r , and the h ig h  m o rta lity  ra tes  b ro u g h t in  b y  the leng th  o f the 
f e r t i l i t y  fu n c tio n , m ake it d e s ira b le  to use an a lte rn a t iv e  estim atin g  
e q u a tio n , of the  form
1(B + N + 2 j)
I (B )
WIN) 5P n _ 5 + ( 1 - w (N)) 5P n
It  w ill be n o ticed  that the  B rass  a n a ly s is  o f m atern a l o rphanhood  
m akes no a llo w an ce  fo r the in c re as e d  m o rta lity  r is k s  of c h ild b ir th .  A ny  
s u ita b le  fem ale life  tab le  w il l  in c lu d e  th is  r is k ,  so the o n ly  e r r o r  should  
be o ne  o f t im in g . W ith  o rp hanh oo d  d a ta , the  r is k  occurs at the b eg in n in g  
of th e  p erio d  o f e x p o s u re , a n d  su b seq u en tly  a fte r  each b ir th  in te rv a l.  
W ith  a n y  u n b iased  p e rio d  o f e x p o s u re , the f i r s t  r is k  w ou ld  on average  
o c c u r a fte r h a lf  a b ir th  in te r v a l .  T h is  shou ld  lead to a v e ry  s lig h t  
o v e re s tim a te  of m o rta lity  b y  th e  orphanhood  m ethod , b ut it w ou ld  
c e r ta in ly  not be equ a l to an o v e ra ll in c re as e  in  expo sure  of th re e q u a rte rs
o f a y e a r .  H e n r y 's  c o rre c tio n  w o u ld  seem to be too la r g e ,  and th e  actual 
c o rre c tio n  r e q u ir e d  seem s to be so sm all th a t it  can be n e g le c te d . T h e  net 
e ffe c t o f m a te rn a l m o rta lity  m ay w e ll be an u n d e re s tim a te  o f m o r ta l i ty ,  
b ecau se  o f th e  s u b s ta n tia l in c re a s e  in the  p ro b a b ility  o f  the  c h ild  d y in g  if  
th e  m o ther d ie s  in c h i ld b ir th .  I f  the c h ild  d ie s , the r e p o r ts  o f th e  m o ther's  
d e a th  a re  re d u c e d , in  an  a n a ly s is  o f o rp h a n h o o d .
2 .6  A n  A ssessm ent o f the  A l l  C h ild re n  O rp han ho od  M e th o d .
In fo rm a tio n  on o rp h a n h o o d  has now  been co llec ted  in  a c o n s id e ra b le  
n u m b e r of L a tin  A m e r ic a n , A fr ic a n  and A s ia n  c o u n tr ie s  . M uch o f  it has 
b een  a n a ly s e d  b y  the  B ra s s  w e ig h tin g  te c h n iq u e , and th e  fo rce  o f  adu lt 
m o rta lity  r e la t iv e  to c h ild  m o r ta l i ty ,  estim ated  in d e p e n d e n tly , h a s  been  
c a lc u la te d . T h e  m o rta lity  es tim ates  d e r iv e d  h ave  been  v e r y  p la u s ib le .
T h e  m ethod h as  not y e t b ee n  a p p lie d  to a c o u n try  w ith  a c c u ra te  v ita l  
s ta t is tic s , so o n ly  a c irc u m s ta n tia l ju s t if ic a t io n  is p o s s ib le  at th e  m om ent. 
H o w e v e r , th e  estim ates  o f a d u lt  m o rta lity  h ave  p ro v e d  to  be v e r y  consisten t 
fo r  d if fe re n t  age  g ro u p s  o f re s p o n d e n ts , and to be re a s o n a b le  in  th e ir  
re la t io n  to c h ild h o o d  m o r ta l i ty .  T h is  is  as good a ju s t if ic a t io n  as is 
a v a ila b le  at th e  m om ent. O rp h a n h o o d  am ongst young  re s p o n d e n ts  
has been  r e g u la r ly  u n d e r - r e p o r te d ,  a p p a re n tly  as a r e s u l t  o f th e  adoption  
o f you ng  o rp h a n s , and re p o r ts  o f resp o n d en ts  u n d e r 20 h a v e  to be 
re g a rd e d  w ith  s c e p tic is m . I t  is not c le a r  w h e th e r the d is a p p e a ra n c e  of 
th is  b ias  fo r o ld e r  res p o n d e n ts  m e re ly  re fle c ts  the s w a m p in g  of u n d e r ­
re p o rte d  e a r ly  o rp hanh oo d  b y  ra p id ly  r is in g  ra tes  o f o rp h a n h o o d  as age 
r is e s ,  o r  w h e th e r  it re f le c ts  an actua l im p ro v e m e n t in  re p o r t in g .  I f  the 
fo rm e r  is th e  c a s e , a sm a ll d o w n w a rd  b ias  w il l  re m a in , w h e re a s  i f  the  
la tte r  is c o r r e c t ,  th e  a d u lt  ra tes  w i l l  be m ore  o r  less r ig h t .
T h e  a n a ly s is  o f o rp h a n h o o d  rests  on s e v e ra l a s s u m p tio n s , w h ic h  have
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a lr e a d y  been touched o n . F ir s t ,  i t  is  assum ed th a t m o rta lity  has been  
co n s ta n t fo r a c o n s id e rab le  p e r io d .  O rp h a n h o o d  re p re s e n ts  the  
c u m u la tiv e  e ffec t o f m o rta lity  o v e r  a c o n s id e ra b le  p e r io d , and if  
m o rta lity  has been fa ll in g , o rp h a n h o o d  w il l  b e  h ig h e r  than  c u r r e n t  
ra te s  w o u ld  account fo r . F u r th e r ,  i f  the o rp h a n h o o d  in fo rm atio n  is 
co m bin ed  w ith  an estim ate o f c h ild h o o d  m o r ta l i ty  based on m ore re cen t  
e v e n ts , the re la t iv e  fo rce  o f a d u lt  m o rta lity  w i l l  be e x a g g e ra te d . T h is  
e ffe c t is to some ex te n t m itig a te d  b y  the fact th a t  m o rta lity  ra tes  
a c c e le ra te  w ith  age , so th a t most o rp h a n s  in  a n y  age g ro u p  h ave  become 
o rp h a n s  fa i r ly  re c e n tly , as a r e s u l t  o f f a i r ly  re c e n t m o rta lity  r a te s . T h e  
e ffe c ts  o f d e c lin in g  m o rta lity  a re  in v e s t ig a te d  b y  a s im p le  m odel in  
C h a p te r  7 , and  it is found th a t t h is  does e x a g g e ra te  estim ates  o f a d u lt  
m o rta lity  to some e x te n t.
T h e  second assum ption is th a t  th e re  m u s t be no re la tio n  b e tw een  
m o rta lity  e x p e r ie n c e  and n u m b e r o f s u r v iv in g  c h ild re n . T h e  m o rta lity  
e x p e r ie n c e  o f those w ith  no s u r v iv in g  c h ild r e n  w ill not be  re p re s e n te d  
in  o rp h a n h o o d  d a ta , w h ereas  th o s e  w ho h a v e  m any s u r v iv in g  c h ild re n  
w il l  be re p o rte d  m any tim es o v e r .  S tro n g  m o rta lity  d if fe re n t ia ls  w ith  
m a r ita l sta tus  have  been o b s e rv e d  (K lau s  a n d  L ilie n fie ld ;  1959) , 
m o rta lity  b e in g  c o n s id e ra b ly  h ig h e r  fo r the s in g le , w ido w ed  and  
d iv o rc e d  p o p u la tio n  than fo r the  m a r r ie d  p o p u la tio n . T h e s e  g ro u p s  a re  
also  l ik e ly  to h ave  had fe w e r c h i ld r e n ,  so o rp h an h o o d  w ou ld  be exp ec ted  
to u n d e re s tim a te  o v e ra ll m o r ta l i ty  in the p o p u la tio n . A lth o u g h  d ea th s  
in  c h i ld b ir th  w ou ld  be expected  to  in fla te  m o rta lity  le v e ls  fo r h ig h  
p a r i t y  w om en , the m ere fact o f h a v in g  had a la rg e  n u m b e r o f c h ild re n  
im p lie s  a reaso n ab le  p erio d  of s u r v iv a l .
T h e  th ir d  assum ption is th a t  o rp h a n s  e x p e r ie n c e  the  same 
m o rta lity  r is k s  as the re s t o f th e  p o p u la tio n . I f  o rp hans  a re  m o re  lik e ly
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to d ie ,  w h ic h  is l ik e ly  a t le a s t in c h ild h o o d , o rp h a n h o o d  w il l  be 
u n d e r - r e p o r te d ,  and m o rta lity  u n d e re s tim a te d . T h is  c o u ld  be a 
c o n tr ib u ta r y  fac to r to the  ad o p tio n  a ffect am ongst yo u n g  re s p o n d e n ts .
In  most d e v e lo p in g  c o u n tr ie s , d ev ia tio n  from  the f ir s t  assum ption  w il l  
re s u lt  in  a d u l t  m o rta lity  b e in g  o v e re s tim a te d , w h e re a s  d e v ia t io n s  from  
the  second a n d  th ir d  a ssu m p tio n s  w il l  lead to an u n d e re s tim a te . It  is 
not c le a r  in  w h ic h  d ir e c t io n  the n et e ffec t w il l  b e , th o u g h  some e x p e rie n c e d  
a u th o r it ie s  in  South A m e r ic a  b e lie v e  tha t o rp h a n h o o d  ten d s  to u n d e r ­
estim ate  a d u l t  m o rta lity  on the  w h o le .
T h e  c a lc u la tio n  o f th e  w e ig h ts  used fo r a n a ly s in g  o rp h a n h o o d  ra te s  
re q u ire s  a ssu m p tio n s  a b o u t fe r t i l i t y  and m o rta lity . T h e  m odel f e r t i l i t y  
d is t r ib u t io n s  h ave  a lre a d y  been d e s c r ib e d . T h e  m o rta lity  m odel u sed  was  
a B ras s  m o d e l life  tab le  w ith  an I ^  o f 807 , an  a v e ra g e  re la t io n s h ip  
betw een  c h i ld  and a d u lt m o r ta l i ty ,  and an e x p e c ta tio n  o f life  at b ir th  o f 
about U3 y e a rs .  A  ra te  o f  p op u la tio n  g ro w th  o f tw o p e r  cent p e r  annum  
was u s e d , im p ly in g  a to ta l f e r t i l i t y  ra te  o f about s ix .  A  la rg e  n u m b e r o f 
t r ia l  c a lc u la t io n s , u s in g  d if fe r e n t  m o rta lity  and f e r t i l i t y  leve ls  and  
p a tte rn s , s h o w e d  that d e v ia t io n s  from  these a ssu m p tio n s  w e re  not an  
im p o rtan t s o u rc e  of e r r o r .
T h e  o rp h a n h o o d  m etho d  o f e s tim atin g  a d u lt m o r ta lity  has p ro v e d  
re a s o n a b ly  successfu l in  p ra c tic e , and it seems to be ro b u s t to v a r ia t io n s  
in  f e r t i l i t y  and  m o rta lity , as w e ll as to re p o r t in g  e r r o r s .  No fin a l  
ju s t if ic a t io n  has been p o s s ib le , h o w e v e r, and d o u b ts  rem a in  about the  
im p o rta n c e  o f the  b iases  in h e re n t  in the  m ethod . On the  w ho le  m ore  
c o n fid e n c e  can be p laced  in  estim ates o f fem ale a d u lt  m o rta lity  than  in  
estim ates o f  m ale a d u lt m o r ta l i ty ,  because of th e  n a r ro w e r  ra n g e  o f the  
fem ale f e r t i l i t y  d is t r ib u t io n ,  and because of the m ore s a tis fa c to ry  m ethod  
of f it t in g  a v a ila b le  fo r th e  fem ale p o p u la tio n . T h e  m ale  f e r t i l i t y  d is tr ib u t io n
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show s m uch m o re  v a r ia t io n , in b o th  s h a p e  and ra n g e , from  one socie ty  
to a n o th e r th a n  does the fem a le , a n d  the m ean age o f m ale  c h ild  b eg e ttin g  
is c o n s id e r a b ly  h ig h e r  th a n  the m ean ag e  o f fem ale  c h ild b e a r in g . Both  
these fa c to rs  re d u c e  the  ro b u s tn e s s  o f th e  o rp h a n h o o d  m ethod fo r  
e s tim a tin g  a d u lt  m ale m o r ta l i ty .  N ew  d e v e lo p m e n ts  w i l l  th e re fo re  be 
• u se fu l i f  th e y  a re  m ore s a tis fa c to ry  fo r m a le  m o rta lity  e s tim a tio n , and  
i f  th e y  can re d u c e  the e ffe c ts  o f th e  b ia s e s  m e n tio n ed  ab o v e .
2 .7  O rp h a n h o o d  R epo rts  o f F ir s tb o r n  C h i ld r e n .
T h e  a n a ly s is  o f o rp h a n h o o d  re p o r ts  o f f irs tb o rn  c h ild re n  w o u ld  be 
u se fu l b y  b o th  the c r i t e r ia  ju s t  g iv e n .  T h e r e  w o u ld  o n ly  be one re s p o n d e n t  
p e r  e v e n t  re p o r te d , w h ic h  w o u ld  e lim in a te  a n y  b ia s  d ue  to m u lt ip le  
re p o r t in g .  It  w o u ld  n o t, h o w e v e r , re d u c e  any  b ia s  d ue  to a connection  
b e tw e e n  th e  m o rta lity  o f the p a r e n t  and  the c h ild ,  and  the m o rta lity  
es tim ate  w o u ld  s till o n ly  be fo r p a r e n ts . T h is  a n a ly s is  w o u ld  a lso  p ro v id e  
b e tte r  e s tim a te s  o f m ale m o r ta l i ty .  T h e  age ra n g e  o f the f i r s tb ir th  
f e r t i l i t y  d is t r ib u t io n  is  m uch s m a lle r  th a n  th a t o f  th e  a ll b ir th s  d is t r ib u t io n ,  
e s p e c ia lly  fo r  fa th e rs . T h is  w i l l  re d u c e  the e ffe c t o f the n o n - l in e a r i ty  o f 
the  m o r ta l i ty  sched u le  a t h ig h e r  ag e s , and  s im p lify  the p ro b le m  of 
c h a n g in g  m o rta lity  b y  re d u c in g  the n u m b e r o f c o h o rts  o f p a re n ts  re p o r te d  
on b y  a g iv e n  age g ro u p  o f re s p o n d e n ts . Such a m ethod is th e re fo re  
l ik e ly  to b e  s u b s ta n tia lly  m ore s a tis fa c to ry  fo r the  e s tim a tio n  o f m ale  
a d u lt  m o r ta l i ty  than th e  a ll c h ild r e n  m e th o d .
F ir s t  c h ild r e n  w il l  o f c o u rs e  d ie , a n d  in  fac t th e ir  in fa n t m o rta lity  
is h ig h e r  th a n  tha t o f s u b s e q u e n t c h i ld r e n .  T h is  w i l l  m ean th a t th e re  a re  
fe w e r  a n d  fe w e r  re p o rts  as h ig h e r  age  g ro u p s  o f re s p o n d e n ts  a re  u sed . 
T h is  w i l l  n o t m a tte r i f  th e re  is no re la t io n s h ip  b e tw e e n  p a re n t  and c h ild  
m o r ta l i ty ,  b u t i f  th e re  is such  a re la t io n s h ip , the  re s u lta n t b ia s  w ill  be
as se rio u s  as i t  is fo r  the a ll c h ild re n  m ethod .
T h e  m ain  o b je c tio n  to u s in g  re p o rts  o f f irs tb o rn  c h ild r e n  is a p ra c tic a l 
o n e . It is l ik e ly  to b e  v e r y  d if f ic u lt  to c o llec t the  n e c e s s a ry  in fo rm atio n , and  
the in fo rm a tio n  co llec ted  m ig h t w e ll be b iased  in p a r t ic u la r  w a y s . In  
s e v e ra l c irc u m s ta n c e s , a re s p o n d e n t m ay w e ll not kno w  w h e th e r he o r  she is 
a f irs tb o rn  c h i ld .  O b v io u s  cases o f d if f ic u lty  w il l  a r is e  w h e n  a p a re n t  has 
re m a rr ie d , o r  w hen  a f irs tb o rn  c h ild  has d ie d  in in fa n c y . T h e re  m ay be 
some in te n tio n a l m is re p o rtin g  as w e ll ,  p a r t ic u la r ly  fo r m a le s , i f  th e re  
is some d e s ira b le  s ta tu s  a ttached  to b e in g  a f irs tb o rn  c h i ld .  Com bined  
w ith  the p ro b le m  o f h a v in g  fe w e r  and fe w e r cases, and h en ce  fe w e r and  
fe w e r  re p o rts  o f e v e n ts , as age o f resp o n d en t r is e s , th is  m akes it dou b tfu l 
w h e th e r a m ethod b ased  on f irs tb o rn  c h ild re n  w ould  be s u c c e s s fu l.
2 .8  O rp h an h o o d  R epo rts  o f E ld e s t S u rv iv in g  C h ild re n .
T h e  d a ta  co lle c tio n  p ro b lem s  an tic ip a ted  fo r f ir s tb o r n  c h ild re n  w ould  
be re d u ced  b y  e x te n d in g  the co v e rag e  to e ld e s t s u r v iv in g  c h ild re n . T h is  
w o u ld  in c re a s e  the p ro p o rtio n  o f p aren ts  re p o rte d  fo r , to  the leve l o f the  
a ll c h ild re n  m ethod , b u t w o u ld  s t i l l  mean th e re  was o n ly  one re p o rt  p e r  
p a r e n t . T h is  ap p ro ach  w ou ld  a lso  red uce  the b ias re s u lt in g  from  a 
re la t io n  b e tw een  p a re n t and c h ild  m o rta lity , s ince  th e re  w ould  s t il l  be  
o n e , and o n ly  one, re p o rt  p e r  p a re n t u n til a ll the p a r e n t 's  c h ild re n  a re  
d e a d . On th e  d e b it s id e , the s p re a d  of age d iffe re n c e s  b etw e e n  p a re n ts  
and  re p o r t in g  c h ild re n  w il l  be g re a te r ,  and re p o rtin g  e r r o r s  from  lack  
o f k n o w le d g e  m ay b e  m ore s e r io u s . P erhap s  the most s e rio u s  p ro b le m , 
h o w e v e r , is  tha t c h ild  m o rta lity  w ill  h ave  a s u b s ta n tia l im pact on the  b ir th  
o rd e r  com position  o f e ldest s u r v iv in g  c h ild re n . F ir s tb o r n  c h ild re n  w ill 
a lw a y s  be the  la rg e s t s in g le  g ro u p , fo llow ed  b y  s e c o n d b o rn , th ird b o rn ,  
and so fo r th ,  b u t th e  actual p ro p o rtio n  these g ro up s  re p re s e n t fluc tuates
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d ra m a t ic a l ly  w ith  the le v e l o f  m o rta lity , an d  to some e x te n t w ith  the  
le v e l o f f e r t i l i t y  a lso . In  a p o p u la tio n  h a v in g  a total fe r t i l i t y  ra te  o f s i x ,  
and  an I o f 900 , 87 p e r  cent o f th e  5 to 9 age g ro u p , and 62 p e r  cent
o f th e  55 to 59 ag e  g ro u p , a re  es tim ated  to  be f irs tb o rn  c h ild re n . In  th e  
sam e p o p u la tio n , b u t an I ° f  650 , th e  f ig u re s  a re  58 p e r  cent a n d  
25 p e r  cen t re s p e c t iv e ly .  T h e s e  es tim a te s  a re  based on the ra th e r  
a p p ro x im a te  m etho d o log y  o f  C h a p te r  3 .
T h u s  the  a n a ly s is  o f o rp h an h o o d  re p o r ts  o f e ld es t s u r v iv in g  c h i ld r e n  
has some th e o re tic a l and p ra c tic a l a d v a n ta g e s , and some th e o re tic a l a n d  
p ra c tic a l d is a d v a n ta g e s , com pared  w ith  the  a n a ly s is  o f re p o rts  by  
f irs tb o rn  c h i ld r e n .  On b a la n c e , the a d v a n ta g e s  p ro b a b ly  o u tw eig h  th e  
d is a d v a n ta g e s , and the m ethod seems to  be w o rth  e x am in in g  in m o re  d e ta i l .  
T h is  w il l  be the  s u b je c t m a tte r o f the n e x t  c h a p te r .
2 .9  W idow hood R e p o rts .
A n o th e r p o p u la tio n  v a r ia b le  c le a r ly  p a r t ly  d e te rm in e d  b y  the le v e l  
o f a d u lt  m o r ta lity  is the in c id e n c e  o f w id o w h o o d . K o b le n ze r and C a r r i e r  
(1960 ) h a v e  u sed  w ido w ho od  in fo rm a tio n  to estim ate  a d u lt m o rta lity  f o r  a 
t r ib e  in  N o rth  B oneo, b u t the  n um bers  s tu d ie d  w e re  v e ry  s m a ll. T h e  o th e r  
v a r ia b le s  in v o lv e d  a re  m ale  and fem ale  ages at m a rr ia g e , and the a g e  d is tr ib u t io n .  
M ale  a d u lt m o rta lity  is es tim ated  b y  fe m a le  re p o rts  of w ido w ho od , a n d  
fem ale  a d u lt  m o rta lity  is es tim ated  b y  m a le  re p o rts  of w id o w e rh o o d . T o  
a v o id  a m b ig u ity , and the  e ffects  o f r e m a r r ia g e , it  is n ecessary  to s p e c ify  
w id o w h o o d  fro m  f ir s t  h u s b a n d , o r  w id o w e rh o o d  from  f ir s t  w ife . S u c h  a 
m ethod  w o u ld  fu lf i l  both  c r i te r ia  s p e c if ie d  at the end of section  2 .6 .  M a le  
a d u lt  m o r ta lity  w ou ld  be es tim ated  fro m  re p o rts  o f fem ales, the age  
d is t r ib u t io n  o f m ales m a r ry in g  s in g le  fem ales  b e in g  m uch n a r ro w e r  than  
th e  age d is tr ib u t io n  o f m a le  c h ild  b e g e tt in g . T h e  m a jo r ity  of e v e n ts  w o u ld
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be r e p o r te d  once o n ly ,  and  it w o u ld  be v e r y  u n u s u a l  for an e v e n t  to be 
re p o r te d  m o re  th an  tw o  o r  th r e e  t im es .  T h is  w o u l d  red uce  the  bias  
p o te n t ia l ly  p re s e n t  in o rp h an h o o d  an a lys is  o f o n e  event  b e in g  re p o r te d  
m an y t im e s .  H o w e v e r ,  a re la t io n s h ip  between  t h e  m o rta l i ty  r is k s  of  
spouses w i l l  in t r o d u c e  a b ia s ,  and  no account is  taken  of the m o rta l i ty  
of the  n e v e r  m a r r ie d  p o p u la t io n .  A method b a s e d  on w id o w h o o d  data w i l l  
h ave  no e q u iv a le n t  o f  the adoption  effect and it w i l l  th e re fo re  be p ossib le  
to a n a ly s e  r e p o r ts  o f  those who have not been e x p o s e d  to r is k  for v e r y  
lon g. T h i s  w i l l  re d u c e  the impact of c han g in g  m o r t a l i t y .
A  w om an  is at r i s k  of w ido w ho od  from h e r  f i r s t  spouse (we shall call  
i t  w id o w h o o d ,  even  i f  the woman has been d iv o r c e d  and r e m a r r ie d  in 
b e tw e e n )  f ro m  the  m om ent o f  m a r r ia g e .  It is f a i r l y  easy to c a lcu la te  the  
mean p r o b a b i l i t y  o f w id o w h o o d  p e r  u n i t  of e x p o s u r e  to r i s k ,  g iv e n  any  
male m a r r ia g e  d is t r ib u t io n .  If  w idow hood in fo rm a t io n  w e r e  tab u la ted  b y  
e x p o s u r e  to r i s k ,  s u c h  p ro b a b i l i t ie s  could be u s e d  to g iv e  a v e r y  q u ic k  
and  s im p le  es t im ate  o f  a d u l t  m o r ta l i ty .  H o w e v e r ,  it is u n l i k e ly  that  
s a t is fa c to ry  in fo rm a t io n  on d u ra t io n  of m a r r ia g e  could be o bta in ed  in 
d e v e lo p in g  c o u n t r ie s .  A g e  re p o r t in g  is s u b je c t  to la rg e  and w e ll  kno w n  
e r r o r s ,  and  e v e n  q u i te  sh o rt  re fe re n c e  p e r io d s  a re  kno w n  to be c o n s id ­
e r a b ly  d is t o r t e d ,  so a questio n  on p er iod  s in c e  f i rs t  m a r r ia g e  w ou ld  s ta n d  
no ch a n c e  of s u c c e s s .  T h e  o bv ious  v a r ia b le  f o r  cross tab u la t ion  p u rp o s e s  
is a g e ,  b u t  the  r e la t io n s h ip  betw een  age and e x p o s u r e  to r i s k  of w id o w h o o d  
w i l l  not be s im p le .  T h is  w i l l  c le a r ly  be d e te r m in e d  by  the female age  
d is t r ib u t io n  at f i r s t  m a r r ia g e ,  but  the age d is t r ib u t io n  of the  males w i l l  
v a r y  w i th  the age o f  the fem ales. T h u s  y o u n g  w om en m a r r y  y o u n g e r  men  
than  o ld e r  w o m e n ,  and  th is  w i l l  affect the p r o b a b i l i t y  of w id o w h o o d  for a 
g iv e n  e x p o s u r e  to r i s k .  T h u s  s t r ic t ly  s p e a k in g  it is not s u f f ic ie n t  to 
h av e  m a le  an d  fem ale  m a r r ia g e  d is t r ib u t io n s .  A  female age at f i rs t  
m a r r ia g e  d is t r ib u t io n  is r e q u i r e d ,  tog eth er w i t h  a set of age of w i fe  at
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m a r r ia g e  sp ec if ic  male age a t  f i r s t  m a r r ia g e  d is t r ib u t io n s .  T h is  is 
l i k e ly  to com plicate  the task  o f  d e v e lo p in g  a method of a n a ly s is  and to 
m ake such a method ra th e r  c u m b e rs o m e  to a p p ly .
A  method based on w id o w h o o d  in fo rm at ion  does a v o id  some of the  
b iases  of the orphanhood a p p r o a c h ,  and i t  is l i k e ly  to g i v e  usab le  
m o rta l i ty  estimates for m a le s  and females in th e ir  t h i r t i e s  and fo r t ie s .  It 
is not devoid  of its own b i a s e s ,  h o w e v e r .  T h e  h ig h e r  th a n  a v e ra g e  
m o rta l i ty  o f w ido w s and u n m a r r i e d  p erso n s  is the most s e r io u s  w o r r y .  It 
is p ossib le  tha t  any  method w i l l  be com plicated  to a p p ly ,  re q u i r in g  f i t t in g  
b y  m ore  than one p a r a m e te r  , and it  is re a s o n a b le  to h a v e  doubts abo ut the  
q u a l i t y  o f the d ata ,  g iv e n  t h e  a m b ig u i ty  s u r r o u n d in g  the  concept of  
m a r r ia g e  in m any s o c ie t ies .  H o w e v e r ,  i t  seems l i k e ly  th a t  it w i l l  at least  
be w o r th  in v e s t ig a t in g  the  p o s s ib i l i ty  of d e v e lo p in g  su ch  a m ethod, and  
th is  w i l l  be done in C h a p t e r  4.
2 . 9  Conc lus io ns .
In d ire c t  methods of e s t im a t in g  m o r ta l i ty  h ave  been w id e ly  u sed ,  some  
of them a p p a re n t ly  v e r y  s u c c e s s fu l ly .  A n  in d i re c t  m etho d  of es tim atin g  
a d u l t  m o r ta l i ty  from r e p o r t s  o f o rp hanh oo d  has been  u s e d  in severa l  
c o u n tr ie s ,  b u t  doubts h a v e  rem ained  abo ut  the im p o r ta n c e  of the b iases  
in h e re n t  in the method. T w o  possible  im p ro vem en ts  h a v e  been s u g g e s te d ,  
one l im it in g  responses to e l d e s t  s u r v iv in g  c h i ld r e n ,  a n d  the o ther  
a n a ly s in g  inform ation  on w id o w h o o d .  Both of these a r e  sub jec t  to fe w e r  
b ia s e s ,  b u t  in tro d u ce  n e w  p ro b le m s  o f  th e i r  o w n .  T h e  n e x t  fou r c h a p te rs  
wi II d e s c r ib e  the d e v e lo p m e n t  of s u i ta b le  tech niq ues  of a n a ly s is ,  a 
p ra c t ic a l  exam p le  of th e i r  u s e ,  and ten ta t iv e  c o n c lu s io n s  as to th e i r  v a lu e  
in  the estim ation of a d u lt  m o r t a l i t y .
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C H A P T E R  T H R E E
O r p h a n h o o d  of E ld est  S u r v i v i n g  C h i ld r e n .
3.1 In t r o d u c t io n .
I f  r e p o r t s  of the s u r v iv a l  o f  a p a r e n t  a re  l im ited  to one re s p o n d a n t ,  
tha t  b e i n g  the e ld es t  s u r v i v i n g  c h i ld  o f  the  p a r e n t ,  two a d v a n ta g e s  can  
be e x p e c t e d  for  e s t im a tin g  the level o f  a d u l t  m o r ta l i ty  from such rep o r t«  . 
F i r s t ,  t h e r e  is o n ly  one r e p o r t  p e r  e v e n t ,  re d u c in g  the p o s s ib i l i ty  o f  e r i o r  
i n t r o d u c e d  b y  a c o r re la t io n  b etw een  th e  s u r v iv a l  o f  the p a r e n t  and the  
n u m b e r  and  s u r v iv a l  o f  the  c h i ld r e n .  Som e bias m ay be in t r o d u c e d ,  of  
c o u r s e ,  th r o u g h  the con nect ion  b e tw e e n  ch i ld  m o r ta l i ty  and  b i r t h  o r d e r ,  
and t h r o u g h  c h i ld  m o r ta l i ty  d i f f e r e n t ia ls  b y  s e x ,  i f  the se x  ratio  at  b i r t h  
is not c o n s ta n t  w i th  b i r t h  o r d e r .  T h e s e  p oss ib le  e r r o r s  a r e  u n l i k e ly  to be  
l a r g e ,  a s  has a l r e a d y  been p ointed  o u t  in a d is c u s s io n  of them in C h a p te r  2 .  
S e c o n d ,  the age d i f f e r e n c e  b etw een  th e  p a re n t  and the re s p o n d e n t  has a 
lo w e r  m e a n  and s m a l le r  v a r ia n c e  th a n  in  the all c h i ld r e n  case, re d u c in g  
the  d i s t o r t in g  effect o f  v e r y  h ig h  m o r t a l i t y  at o ld e r  ages . T h e  second  
a d v a n ta g e  w ou ld  a c tu a l ly  be  in c re as e d  i f  re p o r ts  o f  f i r t b o r n  c h i ld r e n  
o n ly  w e r e  c o n s id e r e d ,  b ut  th is  w o u ld  d e s t ro y  the f i r s t  a d v a n ta g e ,  as w e l l  
as c r e a t i n g  data  co l lec t io n  p ro b le m s .  H o w e v e r ,  the ap p ro ach  u sed  in th is  
r e s e a r c h  has been  to estim ate the r e la t io n s h ip  b etw een  o rp h a n h o o d  amongst  
f i r s t b o r n  c h i ld r e n  and m o rta l i ty  l e v e ls ,  and then to c o r re c t  such  
r e la t io n s h ip s  a p p r o x im a te ly  u s in g  d r a s t i c  s im p li f ic a t io n s  to a l lo w  for  
m o r t a l i t y  amongst f i r s tb o r n  c h i ld r e n ,  and the re s u l ta n t  p re s e n c e  in re p o r ts  
of e l d e s t  s u r v i v i n g  c h i ld r e n  of r e p o r ts  b y  s e c o n d b o rn ,  t h i r d b o r n ,  to 
n t h b o r n  c h i ld r e n .
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3 . 2  T h e  P ro p o r t io n  O r p h a n e d  A m on gst F i r s tb o r n  C h i ld r e n .
I f  the  assum pt ion s  on w h ic h  the o r ig in a l  o rp h a n h o o d  method is based  
a r e  a c c e p te d ,  there  is no  d if fe re n c e  of p r in c ip le  b e tw e e n  the p ro p o rt io n  
o rp h a n e d  am o ng st all c h i ld r e n  and  the p ro p o r t io n  o rp h a n e d  amongst  
f i r s tb o r n  c h i ld r e n  o n l y .  T h e  d if fe re n c e  w i l l  a r is e  o n ly  th ro u g h  d if fe re n t  
age p a t te r n s  o f  f e r t i l i t y  for all b i r th s  as opposed to f i rs t  b i r t h s .  T h u s  i f  
the  n u m b e r  o f  women a g e d  t a y e a r s  ago w a s  A ( t ) ,  and f ( t )  was
the p r o b a b i l i t y  of h a v in g  a f i r s b o r n  ch i ld  a t  age t ,  the n u m b e r  of  
f i r s tb o r n  c h i ld r e n  b o r n  a y e a r s  ago w i l l  be
n (a) A ( t )  f ( t )  d t
p and  q b e ing  re s p e c t iv e ly  the e a r l ie s t  and latest ages at w h ich  
f i r s tb o r n  c h i ld r e n  a re  b o r n .  I f  I ^  is  the p r o b a b i l i t y  o f s u r v iv in g  f ro m  
b i r t h  to age t,  a n d  1 (t-r-a) is P ro b a b ' l , ty  s u r v iv in g  from b i r t h
to age t+a , the p ro p o r t io n  s u r v iv in g  fro m  age t to age t+a w i l l  bi
the  ra t io  o f  the two p r o b a b i l i t i e s .  T h u s  th e  p ro p o r t io n  o f  wom en stil l  
s u r v i v i n g  h a v in g  h ad  a f i r tb o r n  c h i ld  a y e a rs  ago , and hence (assu m in g  
no r e la t io n  betw een  c h i l d  and m atern a l m o r ta l i ty  e x p e r ie n c e )  the p ro p o r t io n  
am ong f i r s tb o r n  re s p o n d e n ts  a y e a rs  o ld  h a v in g  a s u r v iv in g  m o th er,  
w i l l  be
( 3 . 0 )  P 1 (a )
A ( t )  f ( t )  ■t+—  d t
A ( t )  f ( t )  d t
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I f  it  is assum ed  that the age d is t r ib u t io n  is tha t  o f a s ta b le  p o p u la t io n ,
A ( t) c a n  be d ef in ed  in term s of the  rate o f g r o w th  of the  p op ula tion  and  
the age  p a t te rn  of m o r ta l i ty .  T h u s
A  (t) i _ r t  .k  e I
(t)
and th e  exp re ss io n  for the p ro p o r t io n  of f i r t b o r n  c h i ld r e n  aged a 
a s u r v i v i n g  m other becomes
h av in g
e ' r t f ( t )  1 ( t+a) dt
( 3 .1 )  P j ( a )
e ' r l  f ( t )  I dt
T h e  same a rg u m e n ts  and re la t io n s h ip s  h old  for  fa th e rs  as w e l l  as for  
m o t h e r s .  T h e  o n ly  d if fe re n c e  is th a t  the e x p o s u re  to r i s k  of o rp h an h o o d  is 
not a y e a r s ,  the nge o f  the c h i l d ,  b u t  a+b y e a r s ,  w h e r e  b is the  
p e r io d  between  con ception  and b i r t h .  T h e  v a lu e  o f  b  a v e ra g e s  aro u n d  
n in e  m o n th s ,  and  though it can v a r y  b etw een  seven  a n d  ten , no su b ­
s ta n t ia l  e r r o r  is in t r o d u c e d  b y  as s u m in g  tha t  it  is a lw a y s  th re e  q u a r te r s  
of a y e a r .
3 .3  C o n v e rs io n  from F i r t b o r n  to E ldest  S u r v i v i n g  C h i ld .
Deaths among f i r s tb o r n  c h i ld r e n  w i l l  lead to t h e i r  rep lacem en t  in  the  
c la s s  of e ldest  s u r v i v i n g  c h i ld r e n  b y  s e c o n d b o rn ,  o r  b y  th i r d b o r n  i f  the  
s e c o n d b o r n  has also d ie d ,  and so o n .  It w o u ld  be p o s s ib le  to w o r k  out the 
p r o p o r t io n  o f  each b i r t h  o r d e r  o rp h a n e d  b y  equ a tio ns  o f  the typ e  of
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e q u a t io n  3 . 1 ,  a n d  to w o r k  out the b i r t h  o r d e r  composition o f  the c lass of 
e ld e s t  s u r v i v i n g  c h i l d r e n .  It w o u ld ,  h o w e v e r ,  be a v e r y  c o m p l ic a te d  tas k ,  
r e q u i r i n g  the c o n s tr u c t io n  of model b i r t h  o r d e r  spec if ic  f e r t i l i t y  
d is t r ib u t io n s  fo r  each o r d e r .  T h e  q u a l i ty  of the data a v a i l a b l e  w ou ld  not  
j u s t i f y  th e  c o n s tr u c t io n  o f  such  d e ta i le d  m odels ,  so a m u c h  m ore s im ple  
m in d e d  a p p ro a c h  w as a d o p te d .  W ith  z e ro  in fant  and c h i ld  m o r t a l i t y ,  
f i r s t b o r n  and  e ld e s t  s u r v i v i n g  c h i ld r e n  w i l l  be id e n t ic a l .  W i t h  e x t r e m e ly  
h e a v y  in fa n t  a n d  c h i ld  m o r ta l i ty ,  e ld e s t  s u r v iv in g  c h i ld r e n  become 
id e n t ic a l  w i th  a l l  c h i l d r e n .  T h u s  w i th  an y  feas ib le  level o f  in fant  and  
c h i ld  m o r t a l i t y ,  the b i r t h  o r d e r  com posit ion  of e ld es t  s u r v i v i n g  c h i ld re n  
l ies  s o m e w h e re  b e tw e e n  th a t  o f f i r s tb o r n  c h i ld re n  and th a t  o f all c h i ld r e n .
It  is th e n  a r g u e d  that the p r o p o r t io n  of e ld es t  s u r v iv in g  c h i l d r e n  of a g iv e n  
age w i th  a s u r v i v i n g  m o th e r  w i l l  l ie  som ew here  betw een  t h e  v a lu e  for f i r s tb o r n  
c h i l d r e n  and  the  v a lu e  fo r  a ll  c h i l d r e n ,  the actual p o int  b e i n g  d e te rm in e d  
b y  the  b i r t h  o r d e r  com posit ion  o f  e ld e s t  s u r v iv in g  c h i l d r e n .  A s im ple  p ro c e d u r e  
w as  d e v e lo p e d  to inter p o la te  b e tw e e n  the two va lues  a c c o r d in g  to the level  
of c h i ld h o o d  m o r t a l i t y  T h e  exact  w o r k in g s  of this method a re  d e s c r ib e d  la te r ,  
a lon g  w i th  o th e r  d e ta i ls  o f  the c a lc u la t io n s .  T h e  a rg u m e n t  w i l l ,  h o w e v e r ,  
be b r i e f l y  s u m m a r iz e d  h e r e .
T h e  a im  is to es tim ate  the b i r t h  o r d e r  composition o f  the class of  
e ld e s t  s u r v i v i n g  c h i ld r e n  of a p a r t i c u la r  age , say a y e a r s  o ld .  I f  a 
y e a r s  a g o ,  n ( a )  f i r s tb o r n  c h i ld r e n  w e re  b o r n ,  the n u m b e r  s u r v iv in g  
the a y e a r s  w i l l  be n (a) I (g) . T h e  n u m b e r  f a i l in g  to s u r v iv e  w i l l  
be n  (a)  (1- l ( j ) .  S e c o n d , and  su b seq u en t ,  o r d e r  c h i l d r e n  e n te r  the
class  o f  e ld e s t  s u r v i v i n g  c h i ld r e n  th ro u g h  deaths to f i r s t b o r n  c h i ld r e n .
H o w e v e r ,  a s e c o n d b o rn  c h i ld  aged  a w i l l  be the s i b l i n g  of a f i r s tb o r n  
c h i ld  b o r n  a + d 1 y e a r s  ago, d 1 b e in g  the time t h a t  e lapsed b etw een  
the b i r t h  of the  f i r s tb o r n  and the b i r t h  of the s e c o n d b o r n .  In a g ro w in g
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p o p u la t io n ,  th e re  w i l l  have been fe w e r  f i r s tb o r n  c h i ld r e n  b o r n  a+d
— rrl
y e a r s  ag o ,  than  b o rn  a y e a rs  ago , b y  a fac tor  e 1 , w h e r e  r  is
the ra te  o f p op u la t io n  g ro w th .  (T h is  is s t r ic t ly  c o r re c t  o n ly  for a stable  
p o p u la t io n ,  but  v e r y  l i tt le  e r r o r  could b e  in t ro d u c e d  by c h a n g in g  g ro w th  
ra tes  o v e r  reaso nable  va lues  of d ) . A lso the p r o b a b i l i t y  of d y in g ,  and  
thus a l lo w in g  in a second o r  s u b s e q u e n t  o r d e r  c h i ld ,  is n o t  that from  b ir th  
to age a , but  from b ir th  to age a+d^. A f u r th e r  co m p lica t io n  is 
in t ro d u c e d  b y  the fact that not all f i r s t  b ir th s  a re  fo l lo w e d  b y  second  
b i r t h s ,  so a factor has to be in t r o d u c e d  to a l lo w  fo r  f a i lu r e  to continue  
from one p a r i t y  to the n ex t .  With all th e s e  factors taken in to  account,  the 
n u m b e r  of secon db orn  c h i ld re n  e l ig ib le  to jo in  the class o f  e ldest s u r v iv in g  
c h i ld r e n  can be es tim ated . T h ese  c h i l d r e n  w i l l  o f  co u rse  h av e  had to 
s u r v iv e  a y e a r s ,  so o n ly  a p r o p o r t io n  I o f  th em  w i l l  s t i l l  be a l iv e .
T h e  t h i r d b o r n  component can be d e s c r ib e d  in m uch the sam e w a y .  T h e y  
w i l l  be s ib l in g s  of f i rs tb o rn  c h i ld re n  b o r n  a+d^+d^ y e a r s  ago, less by  
a fac to r  e r ^ i +c^  than f i r s tb o r n  c h i ld re n  b o rn  a y e a rs  ago , h av in g  
had to d ie  b etw een  b ir th  and age a + d .+ d  , and seco n d b o rn  c h i ld re n  born
J rcj ^
a+d^ y e a r s  a g o ,  less b y  a factor e  1 than f i r s tb o r n  c h i ld r e n  b o rn  a 
y e a rs  ag o ,  h a v in g  had to d ie b e tw e e n  b ir th  and age a+d  .
Basic  data l im ita tions made the a p p l ica t io n  o f  d r a s t ic  s im p lif ica tio ns  
a p p r o p r ia te  in the ca lcu la tio ns .  It w a s  assumed that all b i r t h  in te rv a ls  
could  be co n centra ted  at th e i r  m e a n s ,  and in p ra c t ic e  i t  w a s  assumed that  
all b i r t h  in te rv a ls  w e re  the same, r e g a r d le s s  of p a r i t y ,  s ince  th is  seemed  
to be ju s t i f ie d  b y  the a v a ilab le  d ata .  It  was f u r th e r  assum ed  that a ll  f i rs t  
b ir th s  take  place  at the mean age o f  f i r s t  b ir th s  in the s tab le  population  
for a l l  w om en. T h e s e  assum ptions t a k e n  together f ix  the  age at w h ic h  
b ir th s  of p a r t i c u la r  o rd e r s  o ccu r .  I f  the  b ir th  in te rv a l  is  b ,  and the  
f i r s t  b i r t h  mean is M . second b i r t h s  o ccu r  at  e x a c t  age M ^ b ,  th ird  
b ir th s  at e x a c t  age M 1+2b, and so on.
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T h e  a s s u m p t io n s  made in a r r i v i n g  a t  these a p p ro x im a t io n s  a r e  
s w e e p in g ,  b ut  even  so the e x p re s s io n s  b ecom e v e r y  c o m p lic a ted .  I f  the 
assu m p t io n s  w e re  not m a d e ,  log ica l d i f f ic u l t ie s  w o u ld  a r is e ,  such  a s  the 
fact that it is im p o s s ib le  to kno w  u n t i l  the e n d  of the c h i ld b e a r in g  p e r io d  
w h e t h e r  a woman w i l l  fo l lo w  an n th  b ir th  b y  an (n + 1 ) th  b i r t h .  T h e  model  
assum ption  tha t  all b i r t h  in te rv a ls  a re  the same le n g th  im plies  th a t  once  
a b i r t h  in te r v a l  has b e e n  e xceed ed  w ith o u t  a b ir th  o c c u r r in g ,  no f u r t h e r  
b ir th s  w i l l  o cc u r  to t h a t  w om an. T h e  e r r o r s  in t ro d u c e d  b y  these  
a p p ro x im a t io n s  w i l l  a r i s e  m a in ly  from ig n o r in g  the effects o f  v a r i a n c e  
and  s k e w n e s s ,  and s h o u ld  not be  too s e r io u s  at n o rm a l m o r ta l i ty  le v e ls ,  
s ince  the  p ro p o r t io n  o f  h igh o r d e r  b ir th s  in  the c lass  of e ld es t  s u r v i v i n g  
c h i ld r e n  w i l l  be low . T h e  most s e r io u s  e r r o r  is l i k e ly  to a r is e  f r o m  any  
r e la t io n s h ip  betw een  th e  length  o f  a w o m a n 's  b i r th  in te rv a ls  and  th e  total 
n u m b e r  of c h i ld r e n  s h e  u lt im a te ly  b e a rs .
3 . 4  W eigh ts  for P r o p o r t io n s  w i th  S u r v i v i n g  M o th e rs .
T h e  estim ate o f  a d u lt  m o r ta l i ty  to be  o bta in ed  is a s u r v i v o r s h i p  
p r o b a b i l i t y  from a b a s e  age B to some la te r  age B+N. In p r a c t ic e  
fo r  fem ale  m o r t a l i t y ,  B is set a r b i t r a r i l y  at 25 y e a r s ,  ex c ep t  f o r  low  
m o r ta l i ty  s i tu a t io n s ,  w h e r e  a base of 2 0  y e a r s  is found m ore s u i t a b le .  
T h e r e  is no e s s en t ia l  v i r tu e  in u s in g  one base age ra th e r  than a n o th e r .  
T h e  s u r v iv o r s h ip  p r o b a b i l i t y  is estim ated  from p ro p o r t io n s  of e ld e s t  
s u r v i v i n g  c h i ld r e n  h a v in g  a s u r v iv in g  m o th e r  b y  the  use of w e ig h ts ,  
ca lcu la te d  from a m o d e l  s i tu a t io n .  T h e  fo l lo w in g  es tim atin g  e q u a t io n  is 
used to g iv e  the s u r v i v o r s h i p  p r o b a b i l i t i e s .
( 3 .2 )
(B+N) = w (N) 5P N -5  + (1 - w  ( N ) ) gPN
(B)
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w h e r e  * ( g + N )  !  is the p ro b a b i l i t y  o f  s u r v iv in g  from a g e  B to
a g e  B +N , w (N )  is  the re le v a n t  w e ig h t  fo r  centra l  age N ,  and P 
t h e  p ro p o r t io n  w ith  a s u r v i v i n g  m o th e r ,  f i r s t  in the five  y e a r  a g e  g ro u p  
u p  to N , an d  second in the f ive  y e a r  age g r o u p  above N .  T h e  steps  
i n v o lv e d  in w o r k in g  o u t  the w e ig h ts  a re  f i r s t  o f  all the s u b s t i tu t io n  of  
s u i t a b le  model va lues  in  equ atio n  3 . 1 ,  to e s t im a te  the p ro p o r t io n  of f i r s t ­
b o r n  w i th  a s u r v iv in g  m other;  the second s te p  is to c o r re c t  th is  
p r o p o r t io n  fo r  the d i f fe re n c e  b etw een  f i r s t b o r n  and e ldest  s u r v iv in g  
c h i l d r e n ,  a n d  t h i r d ly  th is  p o rp o r t io n  is th e n  re lated  to the r e le v a n t  life  
ta b le  s u r v iv o r s h ip  p r o b a b i l i t y .  T h e  f i rs t  s te p  is to ca lcu la te  th e  inc id en ce  
o f  o rp h a n h o o d  am ongst f i r s tb o r n ,  and this r e q u i r e s  that the f i r s t  b ir th  
f e r t i l i t y  fu n c t io n  sh o u ld  be d e f in e d .
3 . 5  F em a le  Age S p e c i f ic  F i r s t  B i r th  R a tes .
C u r r e n t  f e r t i l i t y  has b een  tab u la ted  b y  p r e v io u s  p a r i t y  for a la rg e  n u m b e r  
o f  c o u n t r ie s ,  both d e v e lo p e d  and o th e r w is e .  R epresenta t ives  o f  all 
c o n t in en ts  a r e  found in  the re le v a n t  table o f  the D em o graph ic  Y e a r b o o k ,  
w h ic h  has been used as the sou rce  of data  in this instance ( U . N . ;  I968) . 
T h e s e  data  a re  of v a r ia b le  q u a l i t y ,  f r e q u e n t ly  being d is to r te d  b y  changes  
in the age p a t te rn  o f  f e r t i l i t y  o r  by  m i s - r e p o r t i n g . H o w e v e r ,  cum ulated  
f i r s t  b i r t h  rates sh o u ld  sum to the f inal p r o p o r t io n  that e v e r  fe r t i le  w om en  
make up  o f  all w o m e n ,  and this p ro v id e s  a  p ow erfu l  co n s is ten cy  check on 
the d a ta .
S e v e r a l  f i r s t  b i r t h  d is t r ib u t io n s  w e r e  selected for  s tu d y ,  from a 
w id e  r a n g e  of g e o g r a p h ic a l  a r e a s .  T h e  b a s ic  features of all these  
d is t r ib u t io n s  w e re  m u c h  the same. A  v e r y  rap id  increase to an e a r ly  peak  
not m uch a f te r  age 20 is ty p ic a l ly  fo l lo w e d  by a ra p id  d e c l in e  to a low  level  
soon a f t e r  age 30; th e  d is t r ib u t io n  is th e n  completed by a lo n g ,  low and  
r a th e r  e r r a t i c  tail to the end  of the c h i ld b e a r in g  p e r io d .  95 p e r  cent o f
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the d is t r ib u t io n  is n o r m a l ly  concentrated  w i th in  a span of fou r age g ro u p s .
A  p ro cess  of t r ia l  and e r r o r  showed that the function
f i t )  = t * ( 1 - t ) 2
s p r e a d  o v e r  a ra n g e  of 17$ y e a r s  gave an adeq uate  a p p ro x im a t io n  to the 
e a r l y  and c e n tra l  p a r ts  o f th e  d is t r ib u t io n ,  though it w a s  u n a b le  to cope 
w i t h  the lo n g ,  low ta i l .  A  m o re  com plex fun ctio n  could  be found to inc lude  
an ad eq u a te  f it  fo r  the t a i l ,  but such a fu n c t io n  w ou ld  u n d o u b te d ly  be less 
c o n v e n ie n t  to m a n ip u la te ,  an d  the im p ro v e d  f i t  for f iv e  p e r  cent  o f the 
d is t r ib u t io n  w as not felt  to be w o r th w h i le .  T a b le  3.1 show s f i r s t  b ir th  
ra te s  for se lected  c o u n t r ie s ,  re s t r ic te d  to w om en aged 15 to 35, tog eth er  
w i t h  th e i r  means and v a r ia n c e s ,  to g e th er  w i th  rates c a lcu la te d  from  the 
m odel from a s ta r t in g  age o f  15 ra th e r  than f i t ted  by  the  locational v a r ia b le  
to a n y  p a r t i c u la r  case. T h e  var iance  of the model seems to be a good  
a p p ro x im a t io n  to the o b s e r v e d  va lu e s ,  tho ug h  it seems l ik e ly  tha t  the  
m o d el 's  p eak  is r a th e r  too low, and the  d e c l in e  a fte r  the p eak is ra th e r  
too s low . T h e  model w as  accepted p r o v is io n a l ly  s ince  it is f a i r l y  easy to 
tes t  for the effects  of u s in g  a l te rn a t iv e  models at a la te r  stage.
3 . 6  T h e  M o r ta l i ty  S c h e d u le  and the Age D is tr ib u t io n
Equation  3.1 r e q u i r e s  the use of a model m o r ta l i ty  sch e d u le  to g iv e  
th e  p ro p o r t io n s  s u r v i v i n g  from b i r t h  to age t and  age t+a. T h e  Brass C en er  
S ta n d a rd  log it  li fe tab le  system, d e s c r ib e d  by  B ra s s  (1971) and C a r r i e r  and  
H o b c ra f t  (1 9 7 1 ) ,  was u s e d  for this fo r  s e v era l  reaso ns .  It is e x t r e m e ly  convenien  
to use w i th  a c o m p u te r ,  its two p a r a m e te r  n a tu re  makes it v e r y  f le x ib le  in use, 
a n d  it f i ts  in w e ll  w i th  the f inal es tim atio n  p ro c e d u r e .  T h e  corn ers to n e  of the 
system  is a set o f 's ta n d a r d '  s u r v iv o r s h ip  p ro b a b i l i t ie s ,  th a t  is l ( x ) 's ,  from  
th e  log its  o f w h ic h  a l i fe  table w i th  a lmost any d e s i r e d  p r o p e r t y  can be obtainec 
b y  v a r y i n g  two p a r a m e te r s ,  ca l led  a lph a  and b eta ,  a c c o rd in g  to the re la t ion sh ip
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B irth  Rates, Selected CountriesT ab le  3 .1 ;  Age Specific F irs t
Age C o u n t r y
M o d e l
C r o u p Uganda G u y a n a J a p a n C anad a
F ij i
1969 1956 1950 1957 1968
v a lu e s
15 -19 .086 .042 .0 0 6 .020
.016 . 092
2 0 -2 4 .049 .062 .0 9 2
.097 .093 . 079
2 5 -2 9 .014 .0 1 9 .0 5 3
.046 .039 . 027
3 0 -3 4 .005 .0 0 6 .0 1 3
.016 .016 . 001
Mean 2 0 .48 2 2 .0 7
2 4 .7 3 2 4 .12 2 4 .1 8 2 0 . 8 3
V a r ia n c e 13 .27 14 .21 9 . 8 9
1 3 .4 5 13.31 1 2 . 4 5
P r o p o r t io n
C o v e r e d * .959 .9 7 7
.9 7 0 .957 .914 -
* P ro p o r t io n  o f  the total f i r s t
b i r th  d is t r ib u t io n c o v e r e d  by
age g ro u p s  sh o w n .
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Y
(x) 0  YS (x)
w h e r e  Y ^ j  is the log it  o f  the p ro po rt ion  s u r v iv in g  to  age x in the  re q u ir e d  
p o p u la t io n ,  and YS ^  is the same in the s ta n d a r d  life tab le .  A lp h a  
can be re g a r d e d  as f ix in g  the o ve ra ll  level of m o r t a l i ty ,  and beta  can be 
r e g a r d e d  as d e te rm in in g  the re la t ive  w e ights  of c h i l d  and a d u l t  m o r ta l i ty .
T h e  bas ic  set of tab les  uses an l . „ ,  -  l i fe  t a b le  s u r v iv o rs  to aqe 2 -
(2) a
of 800, and  a beta of 1 .0 ,  im p ly in g  the same age p at te rn  of m o r ta l i ty  
as the s ta n d a r d .  T h i s  combination produces a l i f e  table w i th  an expectat ion  
of l i fe  at b i r t h  o f abo ut 40 y e a rs .  T h is  basis w a s  adopted as being more  
o r  less an a v e ra g e  for  the sort  of population fo r  w h ic h  the tech n iq u es  
d e v e lo p e d  w i l l  be of v a lu e .  T h e  effects of d e v ia t io n s  from these  m o rta l i ty  
le v e ls  w i l l  be e x a m in e d  la ter .
E q u a t io n  3.1 a lso  re q u ire s  a f ig u re  for the r a t e  of n atu ra l  in c re as e  of the 
p o p u la t io n .  G iven  the  m o rta l i ty  p attern  and level d e s c r ib e d  a b o v e ,  and a fa i r ly  
n o rm a l age p a t te rn  o f  f e r t i l i t y ,  a total f e r t i l i t y  ra te  o f  6 g ives  a ra te  of p o p u l ­
a tion  g r o w t h  of close to two p e rc e n t ,  so th is  was th e  rate taken in  the bas ic  c a lc u la te
W h en  d i f f e r e n t  m o r ta l i ty  levels  a re  t r ied  out,  o r  d i f f e r e n t  f e r t i l i t y  rates assum ed,  
the ra te  o f  g ro w th  is a l te re d  a c c o rd in g ly .
3 .7  B i r t h  In te rv a ls  and  Completed Fam ily  S ize
R e l ia b le  data on b ir th  in te rv a ls  and com p le ted  family s ize  d is t r ib u t io n s  
a re  r a r e  fo r  d e v e lo p in g  c o u n tr ie s .  T hese  a re  re q u i r e d  for the  co rrec t io n  
fo r  d ea th s  among f i r s tb o r n  c h i ld r e n ,  as a l re a d y  o u t l in ed .  T h e  o n ly  sources  
of d ata  a r e  small a n d  c a re fu l ly  con tro lled  s p e c ia l is t  s u rv e ys  o r  a n a lyses ,  
s in c e  f e r t i l i t y  h is to r ie s  are  r a r e ly  collected b y  censuses, a n d  p a r i ty  rep orts  
fo r  w om en  past c h i ld b e a r in g  age a re  n o to r io u s ly  inaccura te .  R eg is tra t ion  
data  fro m  T a iw a n  h as been ana lysed  by  T u an  (1958)  to g iv e  mean b ir th  in te rv a ls  
b y  p a r i t y .  T h e  b i r t h  in te rv a ls  a re ,  w ith  the excep tio n  of the  in te rv a l  between
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m a r r ia g e  and  f i r s t  b i r t h ,  r e m a r k a b ly  stab le  w i th  r is in g  p a r i t y ,  a l l  b e in g  
w i th in  the  ran ge  of 2 .5  to 2 . 8  y e a r s  u n t i l  a f t e r  p a r i t y  13. T h e  mean  
b i r t h  in te r v a l  fo r  all p a r i t ie s  w a s  2 . 6  y e a r s ,  a n d  th is  f ig u r e  is adopted  
fo r  th e  basic  c a lcu la t io n s .  T h e  re s u l ts  of the K h an n a  s tu d y  in In d ia  (Wyon  
and  C o rd o n ;  1971) g iv e  f u r t h e r  c o n f irm a t io n  to th is  f ig u r e .  T h e  stu d y  
e s t im a te d  an in te r -p r e g n a n c y  i n t e r v a l  of 22 m o n th s ,  w h ic h ,  a l lo w in g  a 
n in e  m o n th  gestation  p e r io d ,  w o r k s  out at a b i r t h  in te r v a l  of 2 . 6  y e a rs  
a lso .
F ig u r e s  a re  av a ila b le  f ro m  both  the T a iw a n  data and the K h an n a  
s tu d y  fo r  the d is t r ib u t io n  of w o m e n  by p a r i t y  a f t e r  the age of c h i ld b e a r in g .  
C h a n d r a s e k a r a n  and George (1 962) h ave  also p u b l is h e d  data for th r e e  small  
a r e a s  of In d ia .  T h e  f ig u re s  f ro m  a ll  th ree  s u r v e y s  a r e  s u m m a r iz ed  in 
T a b l e  3 . 2 .  A l l  th re e  sets o f  d a ta  show s u r p r i s i n g ly  h ig h  total f e r t i l i t y  ra tes  
and  low  p ro p o r t io n s  s te r i le .  A s  a re s u l t  o f  these  sh o rtc o m in g s ,  re c o u rs e  
w a s  had  to m odels .  Brass (19 5 8 )  has shown that a n eg a t iv e  b in om ia l  d is t r ib u te  
m o d if ie d  to a l lo w  for f i x e d - le n g t h  p e r io d s  d e v o id  of e x p o s u re  to r i s k  fo l lo w in g  
each  e v e n t  (co rre s p o n d in g  to p e r io d s  of p re g n a n c y )  g iv e s  a c lose a p p ro x im a t io n  
to o b s e r v e d  d is t r ib u t io n s  of m o th e rs  by  n u m b e r  of b i r t h s ,  in c o u n t r ie s  w h e r e  
c o n tra c e p t io n  is not w id e ly  p r a c t is e d .  T h e  m odel w as  f i tted  b y  a t r ia l  and  
e r r o r  p ro c e d u r e  to g iv e  a to ta l  f e r t i l i t y  ra te  o f  6 . 0  w i th  95 p e r  cen t  o f  wom en  
b ec o m in g  m o th ers ,  and about 21 p e r  cent of m o th e rs  h av in g  ju s t  one c h i ld .
T h e  p ro cess  was rep eated  fo r  a total f e r t i l i t y  ra te  to 5 .0 .  T h e s e  d is t r ib u t io n s  
a r e  s h o w n ,  to g e th e r  w i th  the  v a lu e s  of the two v a r ia b le s  d e f in in g  the m o d els ,  
in T a b l e  3 . 2 .  T h e  model v a lu e s  may be c r i t ic i z e d  on the g r o u n d s  that  
the  p ro p o r t io n  of m others  h a v in g  a second b i r t h  a f te r  a f i r s t  is c o n s id e r a b ly  
too h ig h ,  for a re a s  w h e r e  s e c o n d a r y  s te r i l i t y  m ay  be  expected  to be s u b s ta n t ia l ,  
f ro m  lack  of m edical fa c i l i t ie s  d u r in g  p r e g n a n c y  and  d e l i v e r y ,  and  from  
the  in c id e n c e  of d isease ,  p a r t i c u l a r l y  g o n o r rh o e a .  T h e  effect o f  h a v in g  
too h ig h  a p ro p o r t io n  of m o th e rs  co n t in u in g  fro m  one p a r i ty  to the n ex t  is 
to in f la te  s l ig h t ly  the p r o p o r t io n  o f  second a n d  s u b seq u en t  b i r t h s  in the c lass  
o f  e ld e s t  s u r v iv in g  c h i ld r e n .
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T ab le  3 .2 : Fem ale Completed P arity  D istribu tions
S tu d y  C o m p le te d  p a r i t y  T o ta l
F e r t i l i t y
Rate
1 2 3 4 5 6 7 8 9 10 11 12 13 14
T a i w a n . 9 6  . 9 2 . 88 . 81 . 7 4 . 6 4  . 51 . 3 8 . 2 5 . 1 3
oo
- - 7 .  1
K h a n n a . 9 9 97 . 9 4 . 9 0 . 8 5 . 7 4  . 6 4 . 52 . 33 . 18 . 0 8 . 0 3 - - 7 . 2
C h a n d r a s e k a r a n
G e o r g e . 9 7  . 9 2 . 86 . 80 . 7 1 . 59 . 5 2 ( * ) ( * ) ( * ) ( * } ( * ) ( * ) ( * ) ( * )
M o d e l  1 . 9 5 . 9 3 . 8 7 . 79 . 6 8 . 5 6 . 4 3 . 31 . 2 1 . 13 . 0 7 . 0 4 . 0 2 . 0 1 6 . 0
M o d e l  2 . 9 5  . 91 . 8 3 . 71 . 5 8 . 4 4  . 31 . 2 0 . 1 2 . 0 7
pmOo . 0 1 - 5 . 0
F o r  mode I 1, b = 0 . 6 4 ,  K = 4 .  845 
F o r  m o d el  2, b = 0 .6 1 ,  K = 4 .5 0 0
( * )  F ig u r e s  not p u b l is h e d  b e y o n d  p a r i t y  7.
3 . 8  C a lc u la t io n  o f  P ro p o r t io n  O rp h a n e d  A m on gst F i r s tb o r n .
T h e r e  is no e x p l ic i t  s o lu t io n  to equation  3 . 1 ,  so es tim ates  of p ro p o r t io n s  
o r p h a n e d  h ave  to be made b y  n u m e r ic a l  m ethods. A l l  the ca lcu la tio ns  w e r e  
c a r r ie d  o u t  on a c o m p u te r ,  t h is  b e in g  fast and a c c u r a te ,  a l lo w in g  m ore  
d e ta i le d  a p p ro x im a t io n s  and  a g r e a t  n u m b er  of tab u la t io n s  to test the 
effects  o f  d e v ia t io n s  from the  bas ic  assum pt ion s .  T h e  p ro g r a m m e ,  w r i t t e n  
in F o r t r a n  IV ,  is  re p ro d u c e d  w ith  e x p la n a to ry  n otes ,  in A p p e n d ix  3 . 1 .  A l l  
the c a lc u la t io n s  w e re  gone th r o u g h  at least once b y  h a n d ,  p r i o r  to 
c o m p u te r iz a t io n ,  to h e lp  g e t  the  feel of the m ethod . T h e  steps may be 
s u m m a r iz e d  b r i e f l y .
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T h e  f i r s t  step is to in te g r a te  the f i r s t  b i r th  fu n c t io n ,  and to e v a lu a te
it ,  to g iv e  age specif ic  ra te s ,  at points  c o r r e s p o n d in g  to s in g le  y e a r s
th ro u g h o u t  the  1 7 .5  y e a r  r a n g e .  Each rate is then w e ig h te d  to take  account
—
of the ra te  o f  g r o w th ,  b y  a fac to r  e , r  b e in g  the ra te  o f g r o w t h  
and  t b e in g  the y e a r .  T h e n ,  assum in g  f i rs t  o f  a l l  that the e a r l i e s t  age  
at w h ich  f i r s t  b ir th s  o cc u r  is 10, the w e ig h ted  f e r t i l i t y  rate fo r  y e a r  1 is 
m u lt ip l ie d  b y  the model l ife  tab le  s u r v iv o r s  to age 1 0 .5 ,  that fo r  y e a r  2 by  
s u r v iv o r s  to age 1 1 .5 ,  that fo r  y e a r  3 by  s u r v iv o r s  to age 1 2 .5 ,  and  so on 
up to y e a r  18 m u lt ip l ie d  b y  s u r v iv o r s  to age 2 7 . 5 .  T h e  sum of a ll  the  
p ro du cts  is  the ap p ro x im a te  v a lu e  of the bottom l in e  of equation  3 . 1 ,  
nam ely
2 7 .5
e _ r t  f ( t )  l (t)  dt
10 .0
T h e  same c a lcu la t io n s  can th e n  be rep eated  w ith  a s ta r t in g  p o in t  o f age  11, 
the sum g i v i n g  the bottom l in e  of eq u atio n  3 .1  b e tw e e n  the l im its  o f  11 
and  2 8 . 5 .  H o w e v e r ,  this sum  w i l l  a lso be the v a lu e  of the top l ine  of  
equation  3 .1  for l im its  of 10 and 2 7 .5 ,  and  a v a lu e  o f  a o f 1, n am e ly
27.5
/  e " r t  f i t )  l (t+1) dt
J  10. 0
I f  all the  sums a re  c a lcu la te d  until  th e re  a re  no f u r t h e r  s u r v iv o r s  -  
e f fe c t iv e ly  b y  age 95 -  the model p ro p o rt io n s  of f i r s tb o r n  at ages 1 , 2 , 3 ,  
and  so on  h a v in g  a s u r v i v i n g  m o ther can be o b ta in e d  for a s ta r t in g  age of  
10 by d iv i d i n g  the second sum b y  the f i r s t ,  the t h i r d  sum b y  the f i r s t ,  
and so o n .  F o r  a s ta r t in g  age  of 11, the p r o p o r t io n s  can be o b ta in e d  by  
d iv id in g  th e  th i r d  sum b y  the  second, the fou rth  b y  the second, a n d  so
C en su s  and  s u r v e y  d ata  a re  n o r m a l ly  tab u la te d  b y  f ive  y e a r  age 
g r o u p s .  T h u s  it is d e s i r a b le  to c a lc u la te  the p r o p o r t io n  of f i rs tb o rn  
re s p o n d e n ts  in a f iv e  y e a r  age g r o u p  h av in g  a s u r v i v i n g  m o th e r .  T h is  
can be d o n e  q u i te  s im p ly  from  the  p ro p o r t io n s  at e x a c t  ages 1, 2, and so 
on c a lc u la te d  ab o ve .  I f  the  age g r o u p  is a to a+5, p o in t  va lu es  have
been  c a lc u la te d  for a ,  a + 1 , to  a+5. T h e s e  m ay be w e ig h te d  to a l low  
fo r  the e f fec ts  of the age d is t r i b u t i o n ,  so
on. In th is w a y , the proportions w ith  a s u rv iv in g  m other at all ages, and
fo r a v a r ie ty  of age locations of f i r s t  ch ild b earin g , can be calculated.
w  P + w , P  + w P + w P ,  + w ,  P „ + w P 
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2 2
and  w ith  a s tab le  p o p u la t io n  age d is t r ib u t io n  the w e ig h ts  can be w r i t t e n  
as
w n , a
- r ( a + n )
e 1 (a+ n )
T h e  p ro p o r t io n s  w i th  s u r v i v i n g  m o ther a re  n ow  a v a i la b le  by  age at 
f i r s t  c h i l d b e a r i n g .  T h is  is an in c o n v e n ie n t  m e a s u re  fo r  location p u rp o se s ,  
s ince  it is h a r d  to m e a s u re  and l ia b le  to v a r y  even  b e tw e e n  s im i la r  
d is t r ib u t io n s .  T h e  mean age at f i r s t  c h i ld b e a r in g  in  the  stable  p op ula tion  
is more s u i t a b le .  T h is  can be  c a lc u la te d  q u ite  e a s i ly  fo r  the model for  
d i f f e r e n t  a g e  locations o f  f e r t i l i t y  as  the mean of the  v a lu e s  used to 
e v a lu a te  th e  d en o m in a to r  o f  e q u a t io n  3 . 1 ,  that is the  n u m b e r  of c h i ld r e n  
b o rn  a y e a r s  ago b y  each age o f  m o th e r .  Once th e s e  have been w o r k e d  
out fo r  the  ro u n d  v a lu e s  o f  age at w h ic h  c h i ld b e a r in g  s ta r ts ,  i t  is easy  to
in te rp o la te  b e tw e e n  va lues  from d i f f e r e n t  s ta r t in g  points to g i v e  the 
p ro p o r t io n s  r e q u i r e d  for round  v a lu e s  of the m ean. T h is  w a s  done by  
s im p le  l in e a r  in te rp o la t io n ,  s ince c u r v a tu r e  w as found to be  not p ro n o u n c e d ,  
and  the va lu es  to be in te rp o la ted  b e tw een  w e re  ty p ic a l ly  c lo s e  together.
3 . 9  D e r iv in g  a S e t  of W eights for F ir s tb o r n  C h i ld r e n .
Once the m odel va lues of the p ro p o r t io n s  o f  f i rs tb o rn  o f  each age g r o u p  
h a v in g  a s u r v i v i n g  mother h ave  b ee n  c a lcu la te d ,  it is easy to w o rk  out the  
w e ig h ts  r e q u i r e d  for use in c o n v e r t in g  such p ro p o rt io n s  in to  life table  
s u r v iv o r s h ip  p r o b a b i l i t i e s .  E q u a t io n  3 .2  can be r e - w r i t t e n  as
( 3 .3 )
(B+N)
(B)
N P5 N -5
and  the w e ig h t  fo r  c o r re c t in g  p ro p o r t io n s  in adjacent age g r o u p s  w ith  a 
s u r v i v i n g  m o th e r  into a l ife  tab le  s u r v iv o r s h ip  p ro b a b i l i ty  fro m  age B to 
the c e n tra l  age of the two age g r o u p s  can be a r r iv e d  at.
3 .1 0  C o r r e c t in g  for Deaths A m o n g s t  F ir s tb o r n .
It has a l r e a d y  been pointed  o u t  that,  for data co l lec t io n  and c o v e rag e  
reaso n s ,  it is n ec e s s a ry  to use r e p o r ts  of e ld es t  s u r v iv in g  c h i ld re n  r a t h e r  
than  of f i r s tb o r n  c h i ld r e n .  A  b r i e f  o u t l in e  of the m etho d olog y  adopted to 
m ake th is  c o r re c t io n  has been g iv e n .  T h e  d eta i ls  of the c a lcu la t io n s  w i l l  
n ow  be d e s c r ib e d .  S ince they  a r e  the same in p r in c ip le  f o r  each age g ro u p  
of re s p o n d e n ts ,  one age g ro u p  w i l l  be used as an e x a m p le .
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in te rp o la te  b e tw e e n  va lues  from d i f fe re n t  s t a r t i n g  p oints  to g iv e  the  
p ro p o r t io n s  r e q u i r e d  for rou nd  va lues  of the  m ean . T h i s  w a s  d on e  b y  
s im p le  l in e a r  in te rp o la t io n ,  s ince c u r v a tu r e  w a s  found to be  not p r o n o u n c e d ,  
a n d  the v a lu e s  to be in te rp o la te d  between  w e r e  t y p ic a l ly  c lose to g e th e r .
3 . 9  D e r iv in g  a Se t  o f W eights  for F ir s tb o r n  C h i ld r e n .
Once the m odel va lues  of the p r o p o r t io n s  of f i r s tb o r n  of each age  g ro u p  
h a v in g  a s u r v i v i n g  m other have been c a lc u la te d ,  it is e a s y  to w o r k  out  the  
w e ig h ts  r e q u i r e d  for use in  c o n v e r t in g  su ch  p ro p o r t io n s  into  l i fe  ta b le  






and the w e ig h t  fo r  c o r re c t in g  p ro p o rt io n s  in  ad jacent a g e  g ro u p s  w i th  a 
s u r v iv in g  m o th e r  into a l i fe  table  s u r v i v o r s h i p  p r o b a b i l i t y  from  age B 
the c e n tra l  age of the two age g ro u p s  can b e  a r r i v e d  a t .
to
3 .1 0  C o r r e c t in g  for Deaths Am ongst F i r s t b o r n .
It has a l r e a d y  been p ointed  out that,  f o r  data co l le c t io n  an d  c o v e rag e  
reaso ns , it is n ec e s s a ry  to use rep o r ts  o f e ld e s t  s u r v i v i n g  c h i ld r e n  ra th e r  
than of f i r s tb o r n  c h i ld r e n .  A b r ie f  o u t l in e  o f  the m etho d olog y  a d o p ted  to 
make th is  c o r re c t io n  has been g iv e n .  T h e  d e ta i ls  o f the  c a lc u la t io n s  w i l l  
now be d e s c r ib e d .  S ince they  a re  the same in p r in c ip le  fo r  each age  g ro u p  
of re s p o n d e n ts ,  one age g ro u p  w i l l  be u s e d  as an e x a m p le .
T h e  e ld e s t  s u r v i v i n g  c h i ld r e n  aged  f iv e  to n in e  w i l l  be assum ed to be 
aged  7$ y e a r s .  T h e  e r r o r  in t ro d u c e d  b y  th is  s im p l i f ic a t io n  w i l l  not be  
la rg e  for reaso n ab le  r a t e s  of g ro w th  and  for  age g r o u p s  e x p e r ie n c in g  
m o r ta l i ty  ra tes  that in c r e a s e  more o r  less l in e a r ly  w i th  a g e .  I f  the f i r s t  
b i r t h s  7 i  y e a r s  ago n u m b e r e d  F ,  the  n u m b e r  o f  f i r s tb o r n  aged 7 i  w i l l  
be F 1 ^  ' s n o w  assum ed tha t  a l l  b i r th s  o c c u r  at  the mean age  for
b i r t h s  o f  that o r d e r ,  a n d  that f i r s t  b i r t h s  o c c u r  at  an age o f  20 y e a r s .  S ince  
the  mean b i r t h  in te r v a l  has been a s su m ed  to be 2 . 6  y e a r s ,  second b i r th s  
a r e  a ll  assum ed to o c c u r  at age 2 2 . 6 ,  t h i r d  b i r t h s  at age 2 5 . 2 ,  and so on.
T h e  effect  of a r b i t r a r i l y  se lec t ing  20 as the  f i r s t  b i r t h  m e an ,  r a th e r  th an  some
o th e r  f ig u r e ,  is n e g l i g i b l y  sm a ll .  T h e  effect  o f  as s u m in g  th a t  a ll  b i r t h s  a re  
co n c e n tra te d  at the m e a n  for  that b i r t h  o r d e r  is v e r y  d i f f ic u l t  to assess ,  even  
in g e n e ra l  te r m s ,  and  n o  attem pt has b een  made to do so. It seems u n l i k e ly  
to g iv e  r ise  to a n y  l a r g e  o r  system at ic  b ias  h o w e v e r .
S e c o n d b o rn  c h i l d r e n  w i l l  a p p e a r  in  the class o f  e ld e s t  s u r v iv in g  
c h i ld r e n  w h e n  a f i r s t b o r n  c h i ld  has d ie d ,  i f  that c h i ld  had  at least one  
s ib l in g ,  and i f  the e l d e s t  o f these s ib l in g s  is s t i l l  a l i v e .  S in c e  all the e ld es t  
s u r v i v i n g  c h i ld r e n  a r e  assum ed to be aged  7$, and  s ince  the b i r t h  in te r v a l  
is 2 .6  y e a r s ,  the s e c o n d b o r n  c h i ld r e n  w i l l  be the s u r v i v o r s  of f i r s tb o r n  
c h i ld r e n  b o rn  10.1 y e a r s  ago. In the assum ed  s tab le  p o p u la t io n ,  th e re  w i l l  
be r a t h e r  fe w e r  f i r s t b o r n  c h i ld r e n  b o rn  10.1 y e a r s  ago than 7i  y e a rs  ago 
( i f  it  is a g r o w in g  p o p u la t io n )  . T h e  actua l n u m b e r  can be e x p re s s e d  as
_  _  - 2 . 6r
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w h e r e  r  is ,  as u s u a l ,  the ra te  o f  p o p u la t io n  g r o w t h .  T h e s e  f i r s tb o r n  w i l l  
also h ave  been e x p o s e d  to the r i s k  of d y in g  for  10 .1  y e a r s ,  so the n u m b e r  
w h o  w i l l  h ave  d ied  is
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T h e  e ld e s t  s u r v i v i n g  c h i ld r e n  aged f iv e  to n in e  w i l l  be assum ed to be 
a g e d  7} y e a r s .  T h e  e r r o r  in t ro d u c e d  by th is  s im p l i f ic a t io n  w i l l  not be 
l a r g e  for reaso nab le  ra te s  of g r o w th  and fo r  age g r o u p s  e x p e r ie n c in g  
m o r t a l i t y  ra te s  that in c r e a s e  m o re  o r  less l in e a r ly  w i th  age . I f  the f i rs t  
b i r t h s  7 }  y e a r s  ago n u m b e re d  F ,  the n u m b e r  o f  f i r s tb o r n  aged  71 w i l l  
b e  F 1 • I* is n o w  assum ed that a ll  b i r th s  o c c u r  at the mean age for
b i r t h s  o f  th a t  o r d e r ,  a n d  that f i r s t  b i r th s  o c c u r  at an  age o f  20 y e a rs .  S in c e  
th e  mean b i r t h  in te r v a l  has been assum ed to be 2 . 6  y e a r s ,  second b ir th s  
a r e  all assum ed to o c c u r  at age 2 2 . 6 ,  t h i r d  b ir th s  a t  age 2 5 . 2 ,  and so on.
T h e  effect o f  a r b i t r a r i l y  se lec t ing  20 as the  f i r s t  b i r t h  m ean , r a th e r  than some
o t h e r  f ig u r e ,  is n e g l ig ib ly  sm a ll .  T h e  effect  o f as s u m in g  tha t  a l l  b ir th s  a re  
c o n c e n tra te d  at the m ean  for tha t  b i r t h  o r d e r  is v e r y  d i f f ic u l t  to assess, e v e n  
in  g en era l  te rm s ,  and  no attem pt has b een  made to do so. It seems u n l i k e ly  
to g iv e  r is e  to any l a r g e  o r  system atic  b ias  h o w e v e r .
Seco nd bo rn  c h i ld r e n  w i l l  a p p e a r  in the c lass o f  e ldest  s u r v iv in g  
c h i l d r e n  w h e n  a f i r s t b o r n  c h i ld  has d ie d ,  i f  that c h i ld  had at least one  
s i b l i n g ,  and  if  the e ld e s t  of these s ib l in g s  is s t i l l  a l i v e .  S in c e  a ll  the e ld e s t  
s u r v i v i n g  c h i ld re n  a r e  assumed to be ag ed  71, and  s ince the b ir th  in te rv a l  
is  2 .6  y e a r s ,  the seco n d b o rn  c h i ld r e n  w i l l  be the s u r v iv o r s  o f  f i rs tb o rn  
c h i ld r e n  b o r n  10.1 y e a r s  ago. In the assum ed s ta b le  p o p u la t io n ,  there  w i l l  
b e  ra th e r  fe w e r  f i r s tb o r n  c h i ld r e n  born  10.1 y e a r s  ago than 71 years  ago  
( i f  it  is a g ro w in g  p o p u la t io n )  . T h e  actua l n u m b e r  can be e x p re ss e d  as
cr, c _ 2 . 6 rF 1 = F e
w h e r e  r  is , as u s u a l ,  the ra te  o f p o p u la t io n  g r o w t h .  T h e s e  f i rs tb o rn  w i l l  
a ls o  have been e x p o s ed  to the r i s k  of d y in g  for  1 0 .1  y e a rs ,  so the n u m b e r  
w h o  w il l  h av e  died is
50
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Some o f  the m o th e rs  h a v in g  had these  f i r s t  c h i ld r e n  w i l l  n o t  con tin ue  to 
h av e  second c h i ld r e n .  Some of them  w i l l  d ie  b e tw een  the ag e  of 20 an d  the  
age o f  2 2 . 6 ,  w h e n  they  w o u ld  h ave  had the second c h i ld .  T h i s  can be a l low ed  
fo r  b y  m u l t ip ly in g  F 1 (D e ad )  b y  the s u r v i v o r s h i p  p r o b a b i l i t y  from  
20 to 2 2 . 6 .  Some o f  the m o thers  w i l l  become s te r i l e ,  o r  w i l l  cease to be  
e x p o s e d  to r is k  o f  p r e g n a n c y  for some o th e r  re a s o n .  A set o f  p a r i ty  
p r o g r e s s io n  ra t io s  can b e  c a lc u la te d  from the p a r i t y  model d e s c r ib e d  in  
sectio n  3 . 7 .  T h e  n u m b e r  o f  m o th e rs  w ho , h a v in g  had a f i r s t  b ir th  at age 20, 
and  h a v in g  s u r v iv e d  to age 2 2 . 6 ,  h a v e  a secon d  c h i ld ,  is o b ta in e d  b y  
m u l t ip ly in g  b y  the  p a r i t y  p r o g r e s s io n  ra t io  f ro m  p a r i t y  one to p a r i t y  tw o .
I f  th is  ra t io  is d enoted  b y  p^ , the n u m b e r  o f  s e con db orn  c h i ld r e n  w h o  fu lf i l  
the  co n d it io n s  n e c e s s a ry  to become e ldest  s u r v i v i n g  c h i ld r e n  is g iv e n  b y
T h e  actua l n u m b e r  of s e c o n d b o rn  am o ng st e ld e s t  s u r v i v i n g  c h i ld r e n  is then  
d e te r m in e d  (g iv e n  the a s s u m p t io n s )  by  the n u m b e r  w ho s u r v i v e  to age  1\. 
So
T h e  ca lcu la t io n s  become ted io u s ly  lon g, e s p e c ia l ly  in v ie w  of the f r e q u e n t  
in te rp o la t io n s  on the lo g i t  scale n eed ed  to es tim ate  s u r v iv o r s h ip  to n o n ­
i n t e g e r  ages w h e n  u s in g  the B ra s s  model l i fe  tab le  s y s te m .
T h e  n u m b e r  of t h i r d b o r n  and  h ig h e r  o r d e r  c h i ld r e n  ca n  be a r r i v e d  at 
s i m i l a r l y ,  th o u g h  the e x p r e s s io n s  get  in c r e a s in g ly  le n g th y .  T h e  total n u m b e r  
o f  e ld e s t  s u r v i v i n g  c h i ld r e n  can be  a r r i v e d  at by  a d d i t io n ,  and the
S F e
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p r o p o r t io n s  o f  each o r d e r  m a k in g  u p  the c la ss  es tim ated .  For young  
re s p o n d e n ts  an d  l ig h t  m o r ta l i ty ,  the vast  m a jo r i ty  o f e ldest  s u r v iv in g  
c h i ld r e n  a re  a lso f i r s tb o r n ,  w i th  the c o n t r ib u t io n  o f  o rd e r s  h ig h e r  than  
th r e e  n e g l ig ib le .  F o r  o ld e r  re s p o n d en ts  a n d  h e a v ie r  m o r ta l i ty ,  as few as  
30 p e r  c e n t  m ay be  f i r s tb o r n ,  and one p e r  cent  tenth  b o rn  ( fo r  an I of
650 , a n d  age g r o u p  55 to 60) .
T h e  mean age at b i r t h s  in the  s tab le  p o p u la t io n  is ca lcu la ted  for a l l  
b i r t h s  from the  v a lu e s  o f  p n> aga in  as s u m in g  tha t  all b i r th s  of p a r t i c u l a r  
o r d e r  o c c u r  at the m ean age for  that o r d e r , s u i ta b ly  ad ju sted  for  
p o p u la t io n  g ro w th  and  m o r ta l i ty .  T h e  mean age at w h ic h  e ldest  s u r v i v i n g  
b ir t h s  o ccu r is c a lc u la te d  from the  p r o p o r t io n  of each o r d e r ,  all assum ed  
to o c c u r  at the  m ean  age fo r  th a t  o r d e r .  T h e  mean age fo r  f i rs tb i r th s  
is s u b tra c te d  from the mean age for  e ld e s t  s u r v iv in g  b i r th s ,  and this  
d if f e r e n c e  e x p r e s s e d  as a p ro p o r t io n  of the  d if fe re n c e  in the means fo r  a l l  
b ir t h s  and f i r s t b i r t h s .  T h i s  p ro p o r t io n  is tak e n  to be a m easure  of the  
e x te n t  to w h ic h  m o r ta l i ty  has c h a n g e d  the  f i r s tb i r t h  s ituation  into an a l l  
b i r t h  o n e ,  and  is u sed  to in te rp o la te  b e tw e e n  w e ig h ts  for f i rs tb o rn  c h i l d r e n  
and  w e ig h ts  fo r  a l l  c h i l d r e n ,  to g iv e  w e ig h ts  for use w ith  e ldest s u r v i v i n g  
c h i l d r e n .  T h e  in te rp o la t io n  is made b e tw e e n  the f i rs tb o rn  w e ig h t  for the  
mean age of e ld e s t  s u r v i v i n g  c h i ld r e n  a n d  the all b i r th  w e ig h t  for the m ean  
age o f  all b i r th s  p lu s  the d i f fe re n c e  b e tw e e n  the mean age for f i r s tb o r n  an d  
the  m ean  age for  e ld e s t  s u r v iv in g  c h i l d r e n .  A l l  the  in terp o la t ion s  a re  l i n e a r .
T h e r e  is no form al ju s t i f ic a t io n  for th is  p ro c e d u r e  for c o r re c t in g  f o r  the  
e ffec ts  of m o r ta l i ty  am ongst f i r s tb o r n  c h i l d r e n ,  b ut  it accords w ith  com m on  
s e n s e .  A  few  e x a m p le s  of the s ize  of the  c o r re c t io n s  made a re  of in t e r e s t .
F o r  the  basic  w e ig h t  ta b le ,  fo r  w h ic h  1 ^  is 800, and beta is 1 . 0 ,  the  
d if f e r e n c e  b etw een  the f i r s tb i r t h  and a l l  b i r th  means is 7 .1 9  y e a rs ,  w h i l s t  
the mean for  e ld e s t  s u r v iv in g  c h i ld r e n  ra n g e s  from 0 .8 2  yea rs  g r e a t e r ,  for
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age  10, to 3 .0 8  y e a r s  g r e a t e r ,  for age 55, than the f i r s b i r t h  m ean . When  
1^2) is o n ly  650, the c o m p a ra b le  f ig u re s  a re  7 . 3 3 ,  1 .6 8  and  4 . 8 2 .  When
1^2) is 900, th ey  a re  6 . 9 1 ,  0 .3 6  and 1 .4 7 .  C h a n g e s  in  the  v a lu e  of beta
h a v e  l i t t le  im p act  on the f i r s t  and all b i r th  m eans, a sm all  effect  on the  
d if f e r e n c e  b e tw een  the e ld e s t  s u r v iv in g  and f i r s tb o r n  m eans for  you ng  
re s p o n d e n ts ,  b u t  a la r g e r  im pact  for o ld e r  re s p o n d e n ts .  D i f fe re n c e s  in 
th e  length  o f  the b ir th  in t e r v a l  h ave  a r a th e r  s im i la r  e f fe c t ,  though less  
p r o n o u n c e d ,  and  in a d d i t io n  have some impact on th e  d i f fe re n c e s  b etw een  
m ean s for  a ll  b i r th s  and  f i r s t  b ir th s .
3 .1 1  W eights  fo r  Reports  o f  E ldest  S u r v iv in g  C h i l d r e n .
A  basic  set of w e ig h ts  fo r  c o n v e r t in g  p ro p o r t io n s  o f  e ld es t  s u r v iv in g
c h i ld r e n  w i th  s u r v iv in g  m o th ers  w e re  ca lcu la ted  as d e s c r ib e d .  T h e  set is
sh o w n  in T a b le  3 . 3 ,  fo r  d i f f e r e n t  v a lu es  of M^, the  mean age o f  f i r s t
c h i ld b e a r in g  in the s tab le  p o p u la t io n .  S in ce  the p a r i t y  com position  of
e ld e s t  s u r v i v i n g  c h i ld r e n  is much affected  b y  the le v e l  o f  c h i ld  m o r ta l i ty ,
it  is n e c e s s a ry  to c o r re c t  fo r  its e ffec ts .  W eights  f o r  d i f f e r e n t  leve ls  o f
I , w i th  beta constant at  1 .0 ,  w e re  ca lcu la ted  in th e  m a n n e r  d e s c r ib e d .
( 2 )
V a r io u s  m ethods b y  w h ic h  the basic  w e ig h ts  fo r  I o f  800 could  be
c o r re c te d  e a s i ly  to a l lo w  fo r  o th er  levels  of c h i ld  m o r t a l i t y  w e r e  t r i e d .  T h e
most e ffe c t iv e  method fou nd  was a c o rre c t io n  th r o u g h  the m ean . For a n y
g iv e n  v a lu e  of I . , . ,  a c e r ta in  amount could  be a d d e d  to the e m p i r ic a l ly  
3 (2)
d e te rm in e d  m ean such tha t  the ad ju sted  mean w o u ld  g iv e  the c o r re c t  w e ig h t  
f ro m  the bas ic  tab le  fo r  an  I of 800. T h is  a m o u n t  w as found to be
r e m a r k a b ly  s tab le  fo r  a w id e  ran ge  of va lues  of the  m e a n ,  so that a l th o u g h  
i t  does ch an ge  w i th  age o f  re s p o n d en t,  it  p ro v id e s  a s u i ta b le  method of  
c o r r e c t io n .  T h e  c o r re c t io n s  ca lcu la ted  for a v a lu e  o f  the mean o f  21 y e a r s ,  
a r e  shown in T a b le  3 4. 21 y e a rs  was chosen as b e in g  abo ut the m id d le  of
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m m  me»
FUNCTION’  ESTIMATED 1 ( 2 5 + N ) / 1 (2 5 )
BETA - 1 . 0
1 ( 2 )  -  800 A l p h a  -  0 . 0 2 2 1 G ro w th R a te  -  2 .0 0 2
Mean Age a t B i r t h  o f  a l l C h i l d r e n  - 2 7 . 1 8
FIRST BIRTH MEAN
CENTRAL AGE MEAN AGE AT 17 18
19 2 0 21 2 2
2 3 2 4 2 5 2 6
OF BIRTH OF ELDESTRESPONDENTS SURVIVING CHILDREN
10 . 8 1 7 * * . 2 9 5 1 . 3 4 9 2
. 3 9 5 3 . 4 3 4 3 . 4 6 7 3 . 4 9 6 3
. 5 2 3 3 . 5 5 0 3 . 5 7 8 8 . 6 0 9 7
15 . 9 0 5 0 . 2 1 1 4 . 2 8 0 1
. 3 4 2 4 . 3 9 9 2 . 4 5 1 6 . 5 0 1 6
. 5 5 0 7 . 6 0 0 7 . 6 5 2 5
. 7 0 6 7
2 0 1 . 0 3 5 8 . 0 9 5 8 . 1 8 7 9 . 2 7 4 6
. 3 5 6 8 . 4 3 5 5 . 5 1 2 2 . 5 8 8 2
. 6 6 4 4 . 7 4 1 8 . 8 2 0 5
2 5 1 . 1 7 7 * - . 0 3 0 9 . 0 9 0 3 . 2 0 6 2
. 3 1 7 4 . 4 2 4 7 . 5 2 9 3 . 6 3 2 2
. 7 3 4 1 . 8 3 5 8 . 9 3 7 ’ ’
30 1 . 3 3 0 7 - . 1 4 8 2 . 0 0 1 9 . 1 4 6 0
. 2 8 4 5 . 4 1 8 3 . 5 4 8 4 . 6 7 5 7
. 8 0 1 0 . 9 2 4 9 1 . 0 4 7 9
3 5 1 . 5 0 9 4 - . 2 0 4 8 - . 0 3 2 6 . 1 3 2 9 . 2 9 2 5
. 4 4 7 1 . 5 9 7 8 . 7 4 5 5 . 8 9 1 2 l . O ^ S ò
1 . 1 7 9 5
4 0 1 . 7 3 2 9 - . 2 4 5 0 - . 0 5 7 3 . 1 2 4 0
. 2 9 9 8 . 4 7 1 3 . 6 3 9 7 . 8 0 6 4
. 9 7 3 0 1 . 1 4 0 9 1 . 3 1 1 5
4 5 2 . 0 3 3 4 - . 1 9 7 1 - . 0 0 5 6
. 1 8 1 4 . 3 6 5 7 . 5 4 8 9 . 7 3 2 8 . 9 1 9 6
1 . 1 1 1 3 1 . 3 1 0 6 1 . 3 9 2 2
5 0 2 . 4 6 0 5 - . 1 4 7 3 . 0 4 0 5 . 2 2 3 4
. 4 1 8 7 . 6 1 3 9 . 8 1 7 1 1 . 0 3 2 3
1 . 2 6 4 4 1 . 5 1 9 3 1 . 2 7 6 2
5 5 3 . 0 7 7 9 - . 0 3 3 0 . 1 4 2 7 . 3 2 6 0 . 5 2 0 9
. 7 3 2 8 . 9 6 8 1 1 . 2 3 4 4 1 . 5 4 1 4 1 . 5 9 1 1
1 . 0 8 4 1
the range of v a lu e s  l ik e ly  to be found  in c o u n tr ie s  w h e re  th e  method  
d e s c r ib e d  m a y  be u sed .  T h e s e  c o r re c t io n s  a re  n ot  p er fe c t ,  and  if  g r e a t  
a c c u rac y  is f e l t  n e c e s s a ry ,  the fu l l  tab le  of w e ig h ts  for the o b s e rv e d  I -^j 
sho uld  be u s e d .
T h e  s ize  a n d  d ir e c t io n  o f  e r r o r  a r is in g  fro m  the use o f  these c o r re c t io n s  
is d iscu ssed  in  the n ex t  sec tio n ,  b u t  it  should be  noted th a t  the c o r re c t io n s  
a re  a ccu ra te  f o r  a mean o f  21 y e a r s ,  and that a n y  e r r o r  in v o lv e d  w i l l  
in c re as e ,  the f u r th e r  the t r u e  mean is from the centra l  v a lu e .
T a b le  3 .4 :  C o r r e c t io n s  F o r  C h i ld  M o r ta l i ty
N A m o u n t  in y e a r s  to be add ed  to f i r s tb i r t h  mean for v a r io u s
C e n tra l  le v e ls  of
A g e
6 5 0 7 0 0 7 5 0
( 2 )
8 0 0 8 5 0 9 0 0
10 2 . 1 0 1 . 4 5 0 . 7 6 - - 0 . 7 5 - 1 . 4 6
15 2 . 1 8 1 . 4 9 0 . 7 7 - - 0 . 7 9 - 1  . 57
2 0 2 . 2 2 1 . 51 0 . 7 7 - - 0 . 7 9 - 1 . 5 8
2 5 2 . 3 1 1 . 56 0 . 7 9 - - 0 . 7 9 - 1 . 5 8
3 0 2 . 4 4 1 . 6 4 0 . 8 2 - - 0 . 8 1 - 1 . 6 1
3 5 2 . 6 1 1 . 7 5 0 . 8 8 - - 0 . 8 6 - 1 . 6 9
4 0 2 . 8 0 1 . 9 0 0 . 9 6 - - 0 . 9 4 - 1 . 8 3
4 5 2 . 9 8 2 . 0 6 1 . 0 5 - - 1 . 0 7 - 2 . 0 6
50 3 . 0 5 2 . 1 6 1 . 1 4 - - 1  . 2 2 - 2 . 4 0
5 5 2 . 8 9 2 . 1 3 1 . 1 6 - - 1 . 4 0 - 2 . 8 6
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3 .1 2  E f fec ts  on the  W eights  o f  V a r ia t io n s  in  the A s s u m p t io n s .
T o  tes t  the v a l id i t y  of the a s s u m p t io n s  m ade, ca lcu la t io n s  w e r e  c a r r ie d  
out to see what e ffect  the use o f  d i f f e r e n t  assum pt ion s  had on th e  w e ig h ts .  
Some o f  th e  m ore  o u trag eo u s  a s s u m p t io n s ,  such  as that a l l  b i r t h s  o f  a 
p a r t i c u l a r  o r d e r  o c c u r  at one a g e ,  the m e a n ,  could  not be tes te d  because  
the m e th o d o lo g y  d ep en d s  on th e m . A l l  the n u m e r ic a l  in p u ts ,  s u c h  as the 
f i r s t  b i r t h  d is t r ib u t io n ,  o r  the  p a r i t y  d is t r ib u t io n ,  o r  the m o r t a l i t y  
c o n d i t io n s ,  or the  ra te  of p o p u la t io n  g r o w t h ,  can be tested q u i t e  s im p ly  
b y  re p e a t in g  the c a lcu la t io n s  u s in g  d i f f e r e n t  f ig u r e s .  T h e  com pu tat ion s  
in v o lv e d  in  p r o d u c in g  even  a s in g le  set o f w e ig h ts  a re  la b o r io u s ,  so two  
c o m p u te r  p ro g ram m e s  w e re  d e v e lo p e d  to p e r fo rm  the  r e p e t i t io n s .  T h e  
f i r s t  p ro g r a m m e  ca lcu la tes  w e ig h ts  fo r  f i r s tb o r n  re s p o n d e n ts ,  a n d ,  w i th
m in o r  a l te r a t io n s ,  for all re s p o n d e n ts  as w e l l .  T h e  second p ro g r a m m e  
p e r fo r m s  the in te rp o la t io n  w i th in  these to g iv e  w e ig h ts  for e ld e s t  s u r v i v i n g  
re s p o n d e n ts .  T h e  p ro g ram m e s  a r e  r e p ro d u c e d  in A p p e n d ic e s  3 .1  and 3 . 2 .
T h e  b i r t h  in te rv a l  and  the p a r i t y  d is t r ib u t io n  h ave  no effect on  the f i r s t  
b ir th  o r  a ll  b i r t h  w e ig h ts ,  a f fe c t in g  o n ly  the  in te rp o la t io n  p ro c e s s .  All  
o th e r  v a r ia b le s  a ffect  the o r ig in a l  w e ig h ts ,  o r  the o r ig in a l  w e ig h ts  and  
the in te rp o la t io n  p ro ce s s .  T h e  su b sect io n s  that fo l low  w i l l  d e s c r ib e  the  
im pact  o f  d i f fe re n t  n u m er ic a l  in p u ts  on the  w e ig h ts .  T h e  w e ig h ts  ca lcu la te d  
a re  s h o w n  in A p p e n d ix  3 . 3 .
T h e  most s e r io u s  th e o re t ic a l  e r r o r  in the m ethod is the assu m p t io n  
that the  b ir th  in te r v a l  is c o n s ta n t  fo r  a ll  b i r t h s .  T h e  e v id e n c e  a l re a d y  
p r e s e n te d  does in d ic a te  tha t  the  mean b i r t h  in te rv a l  is much the  same 
r e g a r d le s s  o f  b i r t h  o r d e r ,  b u t  it  does not fo llow from  this  t h a t  the assum pt ion  
of a f ix e d  b ir th  in te rv a l  is a c c e p ta b le .  It is l i k e ly  that a w o m an  w ho has 10 
c h i l d r e n  has s h o r te r  in te r v a ls  than a w om an  w ho has o n ly  f o u r ,  o r  fo r  a
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p a r t i c u l a r  i n t e r v a l ,  the w o m an  who goes on to h av e  s e v e r a l  more c h i ld re n  
w i l l  h a v e  a s h o r t e r  in te r v a l  than a woman w h o  o n ly  has th e  one m ore  c h i ld .  
I t  is s t i l l  p o s s ib le  for m ean in te rv a ls  to be the same b ec a u s e  s im i la r  
p ro p o r t io n s  o f  w om en  m ay be c o n t in u in g  to h a v e  a g iv e n  n u m b e r  of e x tr a  
b ir t h s  a f te r  e a c h  i n t e r v a l .  T h u s  a h ig h e r  o r d e r  c h i ld  is l i k e l y  to h ave  been  
b o r n  a f te r  s h o r t e r  in t e r v a ls ,  and th e re fo re  to a y o u n g e r  m o th e r .  T h e  
in c id e n c e  of o rp h a n h o o d  is th e re fo re  l ik e ly  to be  lo w er th a n  the model would  
s u g g e s t  am o n g st  h ig h  o r d e r  c h i ld r e n .  T h is  m ean s  that the  o rp hanh oo d  of 
e ld e s t  s u r v i v i n g  c h i ld r e n  is  l i k e ly  to be c lo s e r  to that of f i r s tb o r n  c h i ld re n  
th an  the model w o u ld  s u g g e s t .
( i )  T h e  level o f  c h i ld h o o d  m o r ta l i ty .
T h e  n u m b e r  of l ife ta b le  s u r v iv o r s  from 1 ,0 0 0  b ir th s  to age 2, i . e .
I , is u sed  as the in d e x  of c h i ld  m o r ta l i ty .  Its im pact  is m a in ly  on the 
c o r re c t io n  from  f i r s tb o r n  to e ld es t  s u r v iv in g  re s p o n d e n ts ,  b u t  it a lso has 
some e ffec t  on the  basic  w e ig h ts ,  p a r t l y  th r o u g h  age d is t r ib u t io n  effects ,  
and  p a r t l y  th r o u g h  d eaths  to m o th e rs .  T h e  p a t te r n  of the  w e ig h ts  of  
f i r s tb o r n  c h i l d r e n  w ith  v a r ia t io n s  in age of c h i ld  and the f i r s tb i r t h  mean  
is a lm ost c o n s ta n t  for d i f f e r e n t  v a lu e s  of I , a l th o u g h  the mean has a
s l ig h t ly  g r e a t e r  impact fo r  h ig h  v a lu e s  of l ^ j  than f o r  low. T h e  grea tes t
actua l d i f f e r e n c e  b e tw een  a f i r s tb o r n  w e ig h t  fo r  an I j of 650 and one  
of 900 is o n ly  the  d i f fe re n c e  b etw een  - 1 . 0 3 3 ,  fo r  a v a lu e  o f  650, a mean of 16 
and  age of 55 ,  and - 1 . 3 8 0 ,  the e q u iv a le n t  w e ig h t  for a v a lu e  of 900. All  
c h i ld r e n  w e ig h ts  b eh ave  in  v e r y  m uch the sam e w a y .
T h e  level o f  c h i ld h o o d  m o rta l i ty  la rg e ly  d e te rm in e s  th e  point of  
in te rp o la t io n  b e tw e e n  f i r s tb o r n  and a ll  c h i ld r e n  w e ig h ts ,  and  is th e re fo re  
a v e r y  im p o r ta n t  v a r ia b le  in w e ig h ts  for e ld e s t  s u r v i v i n g  c h i ld r e n .  An
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a p p ro x im a te  method of a l lo w in g  for th is  h as  a lre a d y  been e x p la in e d .  A lth o u g h  
fo r  c e n tra l  ages o f  10 o r  15 th e  d i f fe re n c e s  are not la rg e ,  fo r  a c e n t r a l  age 
of 55, the bas ic  w e ig h t  for a n  l ^ j  o f  650 is 1 .5 0 7 ,  and fo r  an I of
900 it is 0 .1 6 8 ,  fo r  a mean o f  21 y e a r s .  B y  and l a r g e ,  the effect o f lo w e r  
c h i ld  m o r ta l i ty  is to in c re as e  the p r o p o r t io n  of f i r s tb o r n  amongst e ld e s t  
s u r v iv in g  c h i l d r e n ,  to in c r e a s e  the a c tu a l  s u r v iv a l  p ro b a b i l i t ie s  of th e  
m o th ers ,  a n d  to in c re as e  the ra te  of p o p u la t io n  g r o w th ,  and thus the  
p ro p o r t io n  o f  y o u n g e r  m o th e rs .  A l l  these  factors w i l l  increase the p r o p o r t io n  
w ith  a s u r v i v i n g  m o th e r ,  th o u g h  of c o u r s e  the effect on the w e ig h ts  w i l l  
d ep end  on w h e th e r  the c h a n g e  in 1 ^  has m ore effect on the p r o p o r t io n  
w ith  a s u r v iv in g  m o ther th an  on the s u r v iv o r s h ip  ra t io  1 (25+N) ^  ( 2 5 )  '
T h e  re la t io n s h ip s  in v o lv e d  a r e  ra th e r  c o m p le x ,  so a common sense a n a ly s is  
of the d if fe re n c e s  is not p o s s ib le .
T h e  c o r re c t io n s  d e v e lo p e d  for d i f f e r e n t  levels  of I ^  a re  n o t  
a b s o lu te ly  s a t is fa c to ry .  A l th o u g h  the a p p ro x im a t io n s  a re  reaso nable  f o r  a 
n a r r o w  r a n g e  of v a lu e s  a ro u n d  a mean o f  21, and for  the f i rs t  f ive  c e n t ra l  
ages, c o n s id e r a b le  e r r o r s  a p p e a r  for m o r e  ex trem e va lu es .  T a b le  3 . 5  shows  
the actua l and the estim ated w e ig h ts  fo r  va lues  of I ^  of 700 a n d  900, for  
v a lu es  o f  the f i r s t  b ir th  m ean  of 18 an d  29, at the centra l  ages .  In assess in g  
the w e ig h ts ,  it must be re m e m b e re d  th a t  they  a re  fo r  in te rp o la t in g  b e tw e e n  
two p ro p o r t io n s  th a t  may not be all th a t  d if fe re n t  from one a n o th e r .  T h u s  a 
la rg e  d i f fe re n c e  in  a w e ig h t  may h ave  o n ly  a small effect on the e s t im a te d  
v a lu e  of the  s u r v iv o r s h ip  r a t io .  T h is  in  tu rn  may have a s u b s ta n t ia l  impact  
on an in d e x  of a d u l t  m o r t a l i t y ,  h o w e v e r .  On the o th e r  h an d ,  as w i l l  be shown  
in section  3 .1 3 ,  the d i f f e r e n c e  b etw een  a w e ig h t  o f 0 .9  and one of 0 . 6  need  
not h ave  a la rg e  e ffect on su ch  an i n d e x .
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T a b l e  3 .5 : A c tu a l W e ig h ts  C o m p are d  With E s t im a te d W eights •
N
C e n t r a l
' ( 2 )
650 ' ( 2 )  = 900
A g e M. = 19 M ,
= 24 M| = 19 = 24
A c tu a l Est A c tu a l Est A c t u a l Est A c tu a l Est
10 . 478 .470 . 588 .6 1 3 * .3 2 4 .324 . 522 .511
15 . 479 .461 .683 .7 1 6 * .2 3 1 .241 . 546 .523
20 .477 .452 .803 .8 3 8 * . 1 1 5 .134 . 576 .544
25 .483 .457 .9 3 8 .9 9 6 * - . 0 0 7 .020 .608 .573
30 .499 . 476 1 .0 7 9 1 .1 0 2 * - . 1 2 3 - . 0 9 0 .632 .598
35 . 558 . 539 1 .2 5 7 1 .2 6 7 * - . 1 8 8 - .1 5 1 . 675 .644
40 .618 606 1 .4 53 1 .4 4 8 * - . 2 5 3 - . 1 8 7 .6 9 4 .668
45 .736 .729 1.751 1 .4 7 2 * - . 2 4 8 - . 2 0 9 * .740 .722
50 . 834 . 828 1 .4 7 4 1 .0 2 1 * - . 2 6 0 - . 2 2 2 * .745 .736
55 .953 . 942 .993 .6 3 3 * - . 2 0 7 -  .1 8 4 * .773 .766
F ig u r e s  m a r k e d  *  th u s  w e re  o bta in ed  b y  e x t r a p o la t in g  l i n e a r ly  b e y o n d  the  
r a n g e  of m ean s  in T a b le  3 .3 .
( i t )  T h e  le v e l  of a d u l t  m o r ta l i ty .
S ince  the  m eth o d  seeks to estim ate the le v e l  o f  adu lt  m o r t a l i t y ,  it  w o u ld  
be c o n v e n ie n t  i f  th e  w e igh ts  v a r ie d  b ut  l i t t le  w i t h  the r e la t i v e  le v e l  of  a d u l t  
m o r t a l i t y .  T h e  in d e x  of adu lt  m o r ta l i ty  used is  b e ta ,  w h ic h  is a good in d e x  
o f  re la t iv e  a d u l t  m o r t a l i t y  i f  c h i ld  m o r ta l i ty ,  in  th is  case I ( 2 ) ' is f i x e d -
F or th e  bas ic  se t  of tab le s ,  beta is a s s u m e d  to take its  n e u t r a l  v a lu e  of  
1 . 0 ,  but v a lu e s  b e tw e e n  0 .8 ,  low adu lt  m o r t a l i t y  re la t iv e  to c h i ld  m o r ta l i ty .
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a n d  1 . 3 ,  h ig h  a d u lt  m o r t a l i t y ,  a re  not u ncom m on. These  two va lues ,  b y  
no means e x t r e m e s ,  w ere  u s e d  to test the effect on the w e ig h ts  of d i f f e r e n t  
le v e ls  o f a d u l t  m o r ta l i ty .
T h e  v a lu e  of beta does n ot  have a la rg e  e ffe c t  on w e ig h ts  for f i r s tb o r n  
c h i ld r e n  for  a n y  v a lu e  of * (2 ) ‘ T h e  effect is  ra th e r  la r g e r  for low va lu e s  
o f  the f i r s tb i r t h  mean than fo r  h ig h  o n e s ,  but th e  grea tes t  absolute  
d if f e r e n c e  is o n ly  that b e tw e e n  - 1 . 3 2  and  - 0 . 9 4  w hen  l ^ j  is 800- fo r  a 
mean of 16, a cen tra l  age o f  55, and beta of 0 . 8  and 1 .3  r e s p e c t iv e ly .  F o r  
a l l  b i r th s  a lso ,  beta has l i t t l e  effect on the w e ig h ts ,  though the effect
in c re as e s  w i th  mean and a g e  of re s p o n d en t.  W e ig h ts  com parable  w i th  those
g iv e n  for  the f i r s tb i r th  c a s e ,  but w i th  a mean o f  23, are  0 .1 9  and - 0 . 2 9  
r e s p e c t i v e l y .
T h e  v a lu e  of beta has a ra th e r  v a r ia b le  e f fe c t  on the in te rp o la t io n  to 
e ld e s t  s u r v iv in g  c h i ld r e n .  F o r  young centra l  a g es  and h ig h  va lues of the  
f i r s t b i r t h  mean it has l i t t le  e ffec t ,  w h e re as  for  o ld e r  c e n tra l  ages and low  
v a lu e s  o f  the f i rs tb i r th  m e a n ,  its e ffec t  can be  s u b s ta n t ia l .  T h u s  for  an
I of 800, a f i rs t  b i r t h  mean of 18 and a c e n t ra l  age o f  10, the w e ig h t
fo r  beta o f  0 . 8  is 0 .3 8 ,  w h e r e a s  for a beta o f  1 .3  the w e ig h t  is 0 . 3 2 .  F o r
a c e n tra l  age of 50, the c o m p a ra b le  f ig u re s  a r e  - 0 .1 2  and 0 .3 0 .  F o r  a
h ig h e r  mean age of 29, a c e n t ra l  age o f  10 g iv e s  w e ights  o f  0 .5 6  and 0 .5 5  
r e s p e c t iv e ly ,  w h e re as  a c e n t r a l  age of 50 g iv e s  w e ights  o f  1 .06 and 1 .7 8 .  
H e a v ie r  c h i ld  m o rta l i ty  m a k e s  l i t t le  d if fe re n c e  to the size o f  such ch a n g e s ,  
but l ig h te r  c h i ld  m o r ta l i ty  m a r k e d ly  reduces  th e  d if fe re n c e  at h ig h e r  
c e n tra l  ages of re s p o n d e n t .
T h e  e r r o r s  in t r o d u c e d  b y  the v a lu e  of beta  a re  c o n s id e rab le ,  e s p e c ia l ly  
fo r  h ig h  c h i ld  m o rta l i ty  a n d  o ld e r  re s p o n d e n ts .  In p ra c t ic e ,  the e r r o r s
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in t r o d u c e d  into  a f in a l  estim ate  o f  adu lt  m o r ta l i ty  a r e  n ot  too s e r io u s  i f  
a n a ly s is  is  re s t r ic te d  to c e n t ra l  ages o f  re s p o n d e n t  o f 40 o r  b e lo w . D ata  
e r r o r s ,  b e l i e v e d  to r e s u l t  f ro m  the  u n d e r - r e p o r t in g  o f  o rp h a n e d  c h i l d r e n ,  
as a r e s u l t  o f  foster m others  b e in g  con fused  w ith  rea l m o th e rs ,  m ake  the  
use o f  c e n t r a l  ages 10 and 15 in a d v is a b le  in any  case ( th e s e ,  and o th e r  
data e r r o r s ,  w i l l  be d is cu ssed  in  g r e a te r  deta i l  in  C h a p t e r  5 ) .  It is b es t ,  
t h e r e f o r e ,  to r e s t r ic t  a n a ly s is  to c e n tra l  ages ra n g in g  f ro m  20 to 40, u s in g  
p r o p o r t io n s  w ith  a s u r v i v i n g  m o th e r  re p o r te d  b y  age g r o u p s  15 to 19,  
to 40 to 4 4 .
I f  p a r t i c u l a r  a c c u r a c y  is r e q u i r e d ,  a n d  i f  the data  is thought to be  good  
e n o u g h ,  th e  t ru e  w e ig h t  fo r  th e  o b s e rv e d  va lues  o f  I ^  , m e a n < an d  beta  
should  b e  used . T h i s  can be fou n d  from  the  full  tab u la t io n s  re p ro d u c e d  in  
A p p e n d ix  3 . 2 .  H o w e v e r ,  a v e r y  reaso nab le  a p p ro x im a t io n  to the t r u e  w e ig h t  
can be o b ta in e d  m u ch  more s i m p l y .  I f  the  estim ated v a lu e  of 1 2^ ) ' o^und  
fo r  in s ta n c e  from the  p ro p o r t io n  dead am ong c h i ld r e n  e v e r  born  to 
wom en a g e d  20 to 2 4 ,  is 800 o r  b e lo w , an d  the f ina l  es t im ate  o f  b e ta ,  us in g  
the s ta n d a r d  w e ig h ts  s u i ta b ly  c o r re c te d  fo r  the v a lu e  o f  1 ^ ,  is s u b " 
s ta n t ia l l y  d i f fe re n t  f ro m  1 .0 ,  s a y  below 0 .8 5  o r  ab o ve  1 . 2 ,  it  is p o s s ib le  
tha t  t h is  estim ate is som ew hat in e r r o r .  In this s i tu a t io n ,  new w e ig h ts  
sho uld  b e  c a lc u la te d ,  using th e  c o rre c t io n s  shown in T a b l e  3 . 6 .  I f  the  
f i r s t  e s t im a te  of b eta  is b e lo w  0 .8 5 ,  the Mow m o r t a l i t y ’ c o r re c t io n s  sho uld  
be u s e d ,  w h e re as  i f  it is a b o v e  1 .2 ,  the  ’ h igh  m o r t a l i t y ’ c o r re c t io n s  should  
be u s e d .  T h e s e  c o r re c t io n s  sh o u ld  be u sed  in e x a c t ly  the  same w a y  as,  
and  in p la c e  of, those  g iv e n  in  T a b le  3 . 4 ,  that is the am ount sho w n  in the  
tab le  s h o u ld  be a d d e d  to, o r  s u b tra c te d  f ro m , the  o b s e rv e d  v a lu e  o f  the 
f i r s t b i r t h  mean, a n d  the w e i g h t  for the c o r re c te d  v a lu e  o f  this mean  
e x t r a c te d  from the  b as ic  w e i g h t  tab le .  T h i s  p ro c e d u r e  g iv e s  a m uch b et te r  
a p p r o x im a t io n  of th e  tru e  w e i g h t  for e x t re m e  v a lu e s  o f  b eta ,  and the  e r r o r  
in t r o d u c e d  into the  f inal e s t im a te  of beta  is r a r e ly  m o re  than 0 . 0 1 .  I t  a lso
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s o m e w h a t  s u r p r i s i n g l y ,  g iv e s  a b e t te r  a p p ro x im a t io n  than a p p ly in g  the  
s ta n d a r d  c o r r e c t io n s  to a tab le  o f  bas ic  w e ig h ts  c o r r e c t  fo r  the g iv e n  
v a l u e  of b e ta .  T h e  f ina l e r r o r  is o f  a b o u t  the same m a g n itu d e  as that  
i n t r o d u c e d  b y  an e r r o r  o f  10 p o in ts  in  the  estim ate  o f  I . A l th o u g h
t h is  c o r r e c t io n  p ro c e d u r e  is o n ly  im p o r ta n t  w i th  m e d iu m  o r  h ig h  c h i ld h o o d  
m o r t a l i t y  l e v e l s ,  its  use in  low c h i ld h o o d  m o r ta l i ty  s i tu a t io n s  does no h a r m ,  
a n d  c o r r e c t io n s  for low c h i ld  m o r ta l i ty  leve ls  a r e  in c lu d e d  in T a b le  3 . 6 .
( i n )  T h e  f i r s t  b i r th  d is t r ib u t io n .
T h e  in f lu e n c e  o f  the  f i r s t  b i r t h  d is t r ib u t io n ,  g iv e n  the a s s u m p t io n s  
m a d e ,  is fe l t  o n ly  on the  w e ig h ts  fo r  f i r s tb o r n  c h i l d r e n ,  and  o n ly  t h r o u g h  
t h e m  on the  w e ig h ts  fo r  e ld e s t  s u r v i v i n g  c h i l d r e n .  T w o  sorts  o f  v a r ia t io n  
in  th e  f i r s t  b i r t h  d is t r ib u t io n  w e r e  t r i e d ,  the f i r s t  b e in g  to a l te r  the s p a n ,  
s h o r t e n in g  i t  to 15 y e a r s  and  le n g th e n in g  it to 20 y e a r s ,  w h i le  m a in ta in in g  
i ts  fo rm ,  a n d  the second b e in g  to r e ta in  the o r ig in a l  s p a n ,  b ut  w i th  a 
m o r e  e x t r e m e  d is t r ib u t io n  o f  the  form■ 4 2
f ( t )  = t ( 1 7 .5  -  t)
a n d  w ith  a less e x tre m e  fun ctio n  of th e  form  
f i t )  = t ( 1 7 .5  -  t ) 2
B o th  w e r e  u se d  w ith  the  s ta n d a rd  assum ption  o f  a n  I j o f  800 a n d  a 
b e ta  o f  1 . 0 .  T h e  effects  o f  a l te r in g  th e  span w e r e  not s u b s ta n t ia l .  T h e  
w e ig h ts  fo r  the  lo n g e r  span  tended  to be lo w e r  th a n  the s ta n d a rd  o n e s ,  and  
th e  r e v e r s e  w as the case for  the s h o r t e r  sp a n .  T h e  w e ig h ts  c a lc u la te d  for  
th e  m ore  e x t r e m e  and  less e x tre m e  f i r s t  b ir th  d is t r ib u t io n s  a r e  v i r t u a l l y  
in d is t in g u is h a b le  from  the  s ta n d a rd  w e ig h ts .  T h e  method seems to b e  
r o b u s t  to s m a ll  d e v ia t io n s  from  the assum ed f i r s t  b i r th  d is t r ib u t io n ,  w h ic h
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Table 3.6: Revised Corrections for Child Mortality, Allowing for 
Adult Mortality.
(a ) Low M o r ta lity  C o rre c tio n s .
N A m o u n t in y e a rs  to be ad d e d to f ir s tb ir th m ean  fo r v a r io u s  leve
C e n tra l
A ge
' ( 2 )
650 700 750 800 850 900
10 2 .1 3 1 .55 1. 00 0 .6 2 - 0 .3 2 -0 .9 7
15 2 .0 4 I. 42 0 .8 3 0 .3 5 - 0 .5 0 -1 .1 6
20 1 .9 3 1 .28 0 . 6 6 0 .1 3 - 0 .6 7 -1 .3 3
25 1 .8 7 1 .18 0 .5 4 -  0 .1 4 - 0 .8 2 -1 .4 7
30 1 .8 5 1.12 0 .4 5 -  0 .1 8 - 0 .9 6 -1 .6 2
35 1 .8 7 1.10 0 .3 8 -  0 .2 9 - 1.10 -1 .7 8
40 1 .92 1 .09 0 .3 2 -  0 .41 - 1 .2 6 -1 .9 8
45 1 .9 7 1 .09 0 .2 7 -  0 .5 5 - 1 .4 7 -2 .2 5
50 1 .9 7 1 .07 0 . 2 0 -  0 .7 2 - 1 .7 6 -2 .6 5
55 1 .8 4 0 .9 7 0 .0 9 -  0 .9 7 - 2 .1 7 -3 .2 8
(b ) H ig h  M o rta lity C o rre c tio n s
N A m ou nt in y e a rs  to be ad d ed to f ir s tb ir th m ean  for v a r io u s  level
C e n tra l
A ge
650 700 750
' ( 2 )
800 850 900
10 2.12 1 .35 0 .5 3 -0 .3 3 - 1.22 -2 .0 7
15 2 .4 7 1 .67 0 .8 1 - 0.10 - 1 .0 8 -2 .0 4
20 2 .7 7 1 .94 1 .0 7 0 .1 5 - 0 .8 2 -1 .8 0
25 3 .0 8 2.22 1 .31 0 .3 7 -0 .6 1 -1 .6 0
30 3 .4 3 2.51 1 .55 0 .5 6 - 0 .4 7 -1 .4 8
35 3 .8 3 2.86 1 . 82 0 .7 5 - 0 .3 7 -1 .4 4
40 4.21 3.21 2. 12 0 .9 5 - 0 .2 8 -1 .4 8
45 5 .3 4 3 .5 6 2 .4 6 1.20 - 0 .1 9 -1 .5 9
50 ( * ) 3 .6 7 2 .6 8 1 .4 5 - 0 .0 5 -1 .7 0
55 ( * ) ( * ) 2 . 6 6 1 .62 - 0 .1 4 -1 .7 2
( * )  In d ic a te s  that th e  w e ig h t is beyond the ra n g e o f th e  s tan d ard  set.
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in itself is probably remarkably constant for a wide variety of countries.
(iv) The level of fertility, the birth interval, and the rate of 
population growth.
A l l  these v a r ia b le s  a re  c lo s e ly  connected  w ith  one a n o th e r ,  and it  
w as th o u g h t to be s e n s ib le  to e x a m in e  a ll th re e  to g e th e r. A c c o r d in g ly ,  
w e ig h ts  fo r a p p ly in g  to data on o rp h a n h o o d  o f e ld e s t s u r v iv in g  c h ild re n  
w e re  c a lcu la te d  fo r  tw o p la u s ib le ,  b u t v e r y  d if fe re n t  p o p u la tio n s . O ne  
w as  a fast g ro w in g  p o p u la tio n  h a v in g  a ra te  o f  in c re as e  o f  2 .7  p e r  c e n t,  
a s h o r t  b ir th  in te r v a l o f 2 .2  y e a r s ,  and the T a iw a n  p a r i t y  d is tr ib u t io n  
s h o w n  in  T a b le  3 .2  im p ly in g  a to ta l f e r t i l i t y  ra te  o f 7 .1 .  T h e  o th er w as  
a s lo w  g ro w in g  p o p u la tio n , h a v in g  a ra te  o f in c re as e  o f 1 . 4  p e r  c e n t, a b ir th  
in te r v a l  o f 3 .0  y e a r s ,  and  the  p a r i t y  d is tr ib u t io n  of m odel tw o in T a b le  3 .2  
im p ly in g  a to ta l f e r t i l i t y  ra te  o f 5 .0 .  T h e  m o rta lity  leve l w a s  the sam e in  
b oth  p o p u la tio n s  as  th a t used in  c a lc u la tin g  the  basic  w e ig h ts  g iv e n  in  T a b le
3 . 3 ,  tha t is an I ^  o f 800 a n d  beta o f 1 0 -
T e s t in g  the e ffe c t o f a ll these  v a r ia b le s  a t once m a k e s  it  im p oss ib le  
to d r a w  an y  f irm  con c lus ion s  a b o u t the e ffec t o f each v a r ia b le  in d iv id u a l ly .  
H o w e v e r ,  a ll the v a r ia b le s  a re  in te rd e p e n d e n t, so te s tin g  them  
in d iv id u a l ly  is u n r e a l is t ic .  T h e  p o p u la tio n s  d eve lo p ed  a r e  con s is ten t 
a n d  p la u s ib le , a n d  w il l  g iv e  some idea  how s a tis fa c to ry  th e  o rp hanh oo d  
m e th o d  is fo r  a p p lic a tio n  to v e r y  d if fe re n t  p o p u la tio n s .
T h e  d e ta ils  o f  the ta b u la tio n s  a re  re p ro d u c e d  in  A p p e n d ix  3 .3 .  T o  
s u m m a r iz e , h o w e v e r , it  is c le a r  th a t p o p u la tio n  d y n a m ic s  h ave  a 
s u b s ta n tia l e ffe c t. T h e  m ean age o f  m other at b ir th  o f a l l  c h ild re n  is a 
fu l l  y e a r  lo w e r fo r  the  h ig h  f e r t i l i t y ,  h ig h  g ro w th  p o p u la tio n  than fo r  
th e  s ta n d a rd  o n e , w h ic h  in tu r n  has a lo w e r mean than  th e  low f e r t i l i t y  
low  g ro w th  p o p u la tio n . T h e  m ean age of m o th er at b ir th  o f  an e ld e s t  
s u r v iv in g  c h ild  b eh a v es  in m uch  the  same w a y , the d if fe re n c e s  b etw een
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it  and  the f i r s t  b ir th  m ean , and the a ll b ir th  mean and  the  f i r s t  b ir th  
m e a n , m a in ta in in g  v ir tu a l ly  constan t p ro p o r t io n s . T h e s e  p ro p o rtio n s  
a r e  o f im p o rtan c e  in the  in te rp o la tio n  p ro c e s s  b etw e e n  f i r s t  and  a ll b ir th  
w e ig h ts .  T h e  w e ig h ts  them selves  do d i f f e r  to some e x te n t on e ith e r  s ide  
o f  the s ta n d a rd  case, the  h ig h  g ro w th  w e ig h ts  b e in g  lo w e r , the  low  
g ro w th  w e ig h ts  b e in g  h ig h e r .  T h is  is in  a g reem en t w ith  th e  common 
s en se  e x p e c ta tio n  th a t o rp hanh oo d  s h o u ld  be lo w e r in  the h ig h  g ro w th  
p o p u la tio n . T h e  d iffe re n c e s  in c re as e  s o m e w h a t w ith  f i r s t  b ir th  m ean, 
a n d  m ore s u b s ta n tia lly  w ith  c e n tra l a g e  o f  re s p o n d e n t. F o r ages o f 40 
o r  u n d e r , and  lik e ly  v a lu e s  o f the f i r s t b i r t h  m ean , the d iffe re n c e s  a re  
n e v e r  s u b s ta n tia l, r a r e ly  ex c ee d in g  0 . 1 .  T h e  th re e  p o p u la tio n s  c o n s id e red  
a r e  re a lly  v e r y  d if fe re n t  in age s t r u c tu r e ,  b ir th  in te rv a ls  a n d  p a r ity  
p ro g re s s io n  ra t io s , s tra d d lin g  most d e v e lo p in g  c o u n try  s itu a tio n s . T h e  
fa c t  tha t no s u b s ta n tia l d if fe re n c e  a r is e s  in  the w e ig h ts  s u g g es ts  that 
th e  m ethod is f a i r ly  ro b u s t to v a r ia t io n s  in such fe a tu re s .
( v )  T h e  v a lu e  o f B .
T h e  v a lu e  o f B , the base age f ro m  w h ich  s u r v iv o r s h ip  ra tios  a re  
ta k e n , is se lec ted  a r b i t r a r i ly .  T h e  e x a c t  v a lu e  chosen  is n ot o f c ru c ia l 
im p o rta n c e , and  c o n ven ien ce  o f c a lc u la t io n  w h ile  a p p ly in g  the  method can  
b e  taken  in to  c o n s id e ra tio n ; from  th is  p o in t  o f v ie w , th e re  is noth ing  to 
choose b etw e e n  a base o f 20 and a b a s e  of 25. B sho u ld  be chosen so 
th a t  the w e ig h ts , in norm al u se , fa ll a s  close to 0 .5 ,  the c e n tra l v a lu e , as 
p o s s ib le . W e ig h ts  m uch o v e r one o r  m u c h  below  z e ro  sho u ld  be avo id ed  
i f  p o s s ib le , b y  s e lec tin g  w e ig h ts  fo r a d if fe re n t  v a lu e  o f B . T h e  w e ig h ts  
d e v e lo p e d  fo r  e ld e s t s u r v iv in g  c h ild r e n  a re  ra th e r  s e n s it iv e  to the v a lu e  
o f  B , b ecause th e y  a re  a com posite  o f f irs tb o rn  w e ig h ts  and  a ll b ir th  
w e ig h ts . T h e  v a lu e  o f B most s u ita b le  fo r one w il l  not be v e ry  s u ita b le
fo r  the o th e r , though  o f cou rse  the b a s e  m ust be th e  same in  both cases , i f
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in te rp o la tio n  is to be c a r r ie d  out b etw een  the  tw o . T o  see i f  25 w as the  
m ost s u ita b le  base, a fu l l  set o f w e ig h ts , fo r  a ll m o rta lity  p a tte rn s , was  
c a lcu la te d  fo r  a v a lu e  o f B o f 2 0 . T h e  re s u lts  in d ic a te d  th a t 25 w as the  
m ost s u ita b le  base f o r  use in h ig h  c h ild  m o r ta l i ty ,  h ig h  f i r s t  b ir th  mean  
s itu a tio n s , and  tha t 20  was m ore s u ita b le  fo r  use w ith  low  c h ild  m o rta lity ,  
low  f ir s tb ir th  mean s itu a tio n s . S u ita b il ity  in  th is  co n tex t is in d ic a te d  by  
tw o fea tu re s  o f the w e ig h ts ,  c loseness to th e  c e n tra l v a lu e  o f 0 .5  and  
c o n s is ten cy  w ith  r is in g  age g ro u p  o f re s p o n d e n t. E xam p les  o f the d iffe re n c e s  
found  a re  shown in  T a b le  3 .7 .
T h e  tab le  shows th a t  i f  one b as e , a n d  one base o n ly ,  is to be chosen , 
it shou ld  be 25. F o r cases  w hen  1 ^  is  650 and  M 1 is 23 o r  24 , a 
h ig h e r  base w ould  b e  d es irab le ; on the o th e r  h a n d , w h e n  1^  is 800 
o r 900 , and M 1 is  18, 20 w o u ld  be th e  best b as e . F o r the va lu es  in  b etw een  
these e x tre m e s , 25 is  the  most s u ita b le  b as e .
One consequence o f  the v e r y  ra p id  fa ll  in  m o rta lity  ra te s  in the last 
tw o decades has b e e n  the ap p e a ra n c e  o f c o u n tr ie s  w ith  low  m o rta lity  and  
in ad eq u a te  v ita l re g is tr a t io n .  It m ay b e , th e re fo re , th a t in d ire c t  m ethods  
o f e s tim atin g  p o p u la tio n  p ara m e te rs  w ill s t i l l  be n e c e s s a ry  ev e n  w hen  c h ild  
m o rta lity  reaches lo w  le v e ls . It  has been sug gested  th a t a m ethod such as 
the  p re s e n t one c o u ld  be o f v a lu e  in , fo r  in s ta n c e , the re v e rs e  s u rv iv a l  
o f m others  w hen b a c k -p r o je c t in g  c h ild re n  fo r p u rp o ses  o f f e r t i l i t y  a n a ly s is .  
T o  m ake such an a n a ly s is  p o s s ib le , a se t o f w e ig h ts  has b een  g en e ra te d  
e s p e c ia lly  fo r use in  low  m o rta lity  s itu a tio n s . T h e  bas ic  ta b le  is fo r an  
1( 2 ) 90° '  anCl c o r re c t lo n  fa c to rs  fo r a p p ly in g  to the  m ean h ave  been
c a lcu la te d  fo r v a lu e s  from  850 to 950 b y  steps o f 25 . In  accordance  w ith  the 
con c lus ion  o f the p re c e d in g  p a ra g ra p h , 20 was chosen as the base . T h e  life  
tab le  s u rv iv o rs h ip  r a t io  estim ated  is fro m  age 20 , b e in g  1 (20+N ) ^  (20) '
T h e  bas ic  w e ig h ts  a r e  shown in  T a b le  3 .8 ,  and the c o rre c tio n s  in  T a b le  3 .9 .
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Table 3.7: A Comparison of Weights Obtained Using Different Bases.




Beta 0.8 1 0 1 3 0 8 1.0 1 3 0. 8 1 0 1.3




18 0.61 0.40 0.64 0.41 0.69 0.44 0.51 0.22 0.52 0.19 0.55 0.18 0.42 0.06 0.42 0.01 0.43 -.05
20
24 0.94 0.77 1.00 0.80 1.07 0.86 0.89 0.66 0.93 0.66 0.99 0.70 0.85 0.57 0.90 0.58 0.96 0.59
18 1.06 0.32 1.22 0.46 1.48 0.66 0.72 -.14 0.80 -.06 0.99 0.12 0.49 -.51 0.53 -.47 0.61 -.38
40
24 1.90 1.26 2.20 1.45 2.29 1.51 1.55 0.89 1.70 0.97 2.06 1.17 1.34 0.66 1.42 0.69 1.59 0.76
TABLE 3 .8  : WEIGHTS FOR MATERNAL ORPHANHOOD OF ELDEST SURVIVING CHILDREN IN  LOW MORTALITY SITUATIONS
FUNCTION ESTIMATED s 1 ( 20+n ) / 1 (2 0 )  BETA “  1 ,0
otco
qro
-  800 A lp h a 0 .0 2 2 1  G ro w th  R a te 2 .0 0 Z  Kean Age a t  B i r t h  o f  a l l  C h i ld r e n  » 2 7 .1 8
CENTRAL ACE OFRESPONDENTS MEAN AGE AT BIRTH OF ELDEST SURVIVING CHILDREN 17 18 19
2 0
10 . 8 1 7 4 . 3 7 4 3 . 4 2 7 7 . 4 7 2 9 . 5 1 0 8
15 . 9 0 5 0 .4 0 3 1 . 4 6 8 3 . 5 2 6 6 .5 7 9 1
2 0 1 . 0 3 5 8 . 4 3 4 7 .5 1 7 1 . 5 9 3 5 . 6 6 5 2
2 5 1 . 1 7 7 4 . 4 7 3 7 . 5 7 6 2 . 6 7 3 2 . 7 6 5 7
3 0 1 . 3 3 0 7 . 5 1 8 5 . 6 4 1 1 . 7 5 8 3 . 8 7 0 9
3 5 1 .5 0 Q 4 . 5 6 5 8 . 7 0 6 8 . 8 4 2 7 .9 7 4 1
4 0 1 . 7 3 2 9 . 6 4 6 8 . 8 0 3 7 . 9 5 6 6 1 . 1 0 6 4
4 5 2 . 0 3 3 4 . 7 3 0 8 . 9 0 4 4 1 . 0 7 7 3 1 . 2 5 1 0
5 0 2 . 4 6 0 5 . 8 8 5 8 1 . 0 8 2 0 1 . 2 8 4 4 1 . 4 9 6 0
5 5 3 . 0 7 7 9 1 . 0 6 8 4 1 . 3 0 6 1 1 . 5 6 6 4 1 . 8 5 6 9
FIRST BIRTH MEAN
21 2 2 2 3 2 4 2 5 2 6
. 5 4 2 7 . 5 7 0 3 . 5 9 5 9 . 6 2 1 3 .6 4 8 1 . 6 7 7 1
. 6 2 6 9 . 6 7 1 9 . 7 1 5 9 . 7 6 0 5 . 8 0 7 0 . 8 5 5 7
. 7 3 3 2 . 7 9 8 9 . 8 6 3 8 . 9 2 9 0 . 9 9 5 6 1 . 0 6 3 6
. 8 5 4 5 . 9 4 1 0 1 . 0 2 6 2 1 . 1 1 1 2 1 . 1 9 6 4 1 . 2 8 2 2
. 9 7 9 6 1 . 0 8 5 8 1 . 1 9 0 4 1 . 2 9 4 2 1 . 3 9 8 0 1 . 5 0 2 0
1 . 1 0 2 2 1 . 2 2 8 0 1 . 3 5 2 6 1 . 4 7 6 8 1 . 6 0 1 7 1 . 7 2 3 1
1 . 2 5 4 6 1 . 4 0 2 5 1 . 5 5 1 8 1 . 7 0 4 1 1 . 8 6 0 8 2 . 0 2 3 4
1 . 4 2 7 5 1 . 6 0 8 8 1 . 7 9 7 2 1 . 9 9 5 5 2 . 2 0 6 8 2 . 2 3 0 8
1 . 7 2 0 8 1 . 9 6 3 5 2 . 2 3 0 0 2 . 5 2 7 7 ■ 2 . 8 6 5 3
2 . 2 5 1 9
2 . 1 8 6 4 2 . 5 6 6 1 3 . 0 0 9 6 3 . 5 3 4 1 3 . 4 2 6 8 2 . 0 3 0 7
It sho u ld  b e  po in ted  out th a t it w a s  th o u g h t s u ita b le  fo r these c a lcu la tio n s  
to assum e ra th e r  lo w e r f e r t i l i t y  ra te s , and h e n c e  lo w e r ra te s  o f g ro w th ,  
than  p r e v io u s ly ,  to f it in  w ith  th e  s o rt o f p o p u la tio n s  w h e re  the w e ig h ts  
a re  l ik e ly  to be u s e fu l. T h u s  a to ta l f e r t i l i t y  ra te  o f 5 .0  w as u se d , w ith  
the  p a r i t y  d is tr ib u t io n  show n in  T a b le  3 .2 .  R a tes  of p o p u la tio n  
g ro w th  c o n s is te n t w ith  th is  f e r t i l i t y  ra te  and  th e  re le v a n t m o rta lity  leve l 
w e re  a ls o  u se d .
T a b le  3 .9 :  A m ounts to b e  A d d ed  to  M ( to C o r r e c t  W eights fo r  B = 20 y e a rs  
fo r  C h ild  M o r ta l i ty .
IN
C e n tra l
A ge 850 875
( 2 )
900 925 950
10 0 .1 4 0 .0 7 - - 0 .0 6 - 0.12
15 0 .2 3 0.12 - - 0. 10 - 0. 20
20 0 .3 3 0 .1 6 - - 0 .1 5 -0 .2 9
25 0 .4 2 0.21 - - 0 .1 9 - 0 .3 7
30 0 .5 2 0 .2 6 - -0 .2 3 - 0 .4 4
35 0 .6 3 0 .31 - - 0 .2 7 . -0 -5 2
40 0 .7 7 0 .3 8 - -0 .3 3 -0 .6 3
45 0 .9 4 0 .4 5 - -0 .4 0 - 0 .7 4
50 1 .1 7 0 .5 6 - -0 .5 1 - 0 .9 3
55 1 .3 9 0 .6 9 - - 0. 66 - 1.21
O ne p o in t  to cause c o n c e rn  w a s  show n u p  w h e n  c a lc u la tin g  w e ig h ts  
fo r  d if fe r e n t  bases . T h is  is th a t in  c e rta in  c irc u m s ta n c e s  the w e ig h ts  fo r  
d if fe r e n t  bases w e re  not c o n s is te n t. A g iv e n  s e t  o f p ro p o rtio n s  w ith  
s u r v iv in g  m o ther sho u ld  g iv e  th e  same e s tim a te  o f beta w ith  w e ig h ts  
c a lc u la te d  fo r d if fe re n t  B 's . In  fac t, w h e n  th e  w e ig h ts  fo r base 25 
g e t r a th e r  h ig h , w ith  h ig h  m o rta lity  and h ig h  m ean , the w e ig h ts  fo r base
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20 r is e  to o v e r  tw o , and w h e n  a p p lie d  to the  same d ata  g iv e  d if fe re n t  
es tim a te s  o f b e ta . T h e  d if fe re n c e  b etw een  the two e s tim a te s  in c re as e d  
w ith  age o f re s p o n d e n t. T h e  source  o f th is  e r r o r  w as id e n t if ie d  as the  
in te rp o la t io n  p ro ce s s  b e tw e e n  f irs t  and  a ll b ir th  w e ig h ts ,  s ince  f i r s t  
b ir th  an d  a ll b ir t h  w e ig h ts  w e re  both fou nd  to be c o n s is te n t. W hen the  
g ap  b etw e e n  th e  f ir s t  and a l l  b ir th  w e ig h ts  is s u b s ta n t ia l,  the e r r o r  in v o lv e d  
in  u s in g  l in e a r  in te rp o la tio n  b etw een  them  is c o n s id e r a b le ,  as it m ig h t also  
be in  the  case o f  a sm all g a p  b etw een  th e m , but the p re s e n c e  o f a m axim um  
o r  m in im u m  s o m ew h ere  in  b e tw e e n . S in c e  the e r r o r  is o n ly  s u b s ta n tia l 
fo r  e x tre m e  v a lu e s  of l ^ j  and , ( in tro d u c in g  a n  e r r o r  in  the
e s tim a te  o f b e ta  as la rg e  as 0 .0 2  fo r an 1 ^  of 6 5 0 ), a n d  is  m in im is e d  if  
a s u ita b le  v a lu e  o f B is u s e d , th is  e r r o r  does not seem to  be o f g re a t  
p ra c tic a l im p o rta n c e .
(v i )  C o m p a ris o n  w ith  the  re s u lts  o f a s im u la tio n  m o d e l.
It  has  been m en tio ned  th a t  it is not p o ss ib le  to tes t som e  assum ptions  
o f the  m e th o d , such as the  c o rre c tio n  fo r  deaths am ong f irs tb o rn  c h ild r e n .
It  is p o s s ib le , h o w e v e r , to es tim ate  the  same v a lu e s  b y  a c o m p le te ly  
d if fe r e n t  m e th o d . C lose a g re e m e n t b e tw e e n  the two r e s u lts  w ou ld  be  
e n c o u ra g in g , b u t d is a g re e m e n t w o u ld  not n ec e s s a rily  con dem n  e ith e r ,  
b ecau se  it  w o u ld  s till not b e  c le a r w h ic h  o f the tw o , i f  e i t h e r ,  was c o r re c t .
A  s im u la tio n  p ro cess  w a s  d ev e lo p e d  to ca lcu la te  d i r e c t ly  the p ro p o rtio n  
o rp h a n e d  am o n g st e ld e s t s u r v iv in g  c h ild r e n , and the b i r t h  o rd e r  
com po sitio n  o f  e ld e s t s u r v iv in g  c h i ld r e n .  G rea t h e lp  w a s  p ro v id e d  b y  
D r .  J C  B a r r e t t ,  w ho m o d ifie d  h is  M onte C a rlo  s im u la tio n  model o f f e r t i l i t y  
h is to r ie s  (B a r r e t t  and B ra s s ; 1974) to a llo w  fo r m o r ta l i ty  am ongst m o th e rs . 
F o r the  case c h o s e n , a ll w om en  w ho  e v e r  m a rry  g e t m a r r ie d  at e x a c t ly  20, 
and  the  p ro g ra m m e  g e n e ra te s  fo r each  woman h e r age a t  the  b ir th  o f each
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c h ild , a n d  the onset o f s te r i l i ty ,  o r  d e a th  , in  lu n a r  m o n th s . T h e  m o rta lity  
ra tes  u sed  came from  a B rass model l i fe  ta b le  w ith  I ^  o f 800 and  
re la te d  a v e ra g e  a d u lt m o rta lity . T h e  m o d e l g e n e ra te d  1 ,0 0 0  com plete  
f e r t i l i t y  h is to r ie s , and these w e re  th e n  u sed  as a d a ta  in p u t fo r  an o th er  
s im u la tio n  process d es ig n ed  to p ic k  o u t  e ld e s t s u r v iv in g  c h ild r e n . In  
b r ie f ,  th is  program m e w o rk e d  as fo l lo w s . Each f e r t i l i t y  h is to r y  was  
c o n s id e re d  in tu rn ; fo r each b ir th ,  a ra n d o m  n u m b e r w as g e n e ra te d  and  
co m pared  w ith  model life  tab le  s u r v iv o r s h ip  p ro b a b ilit ie s  to d e te rm in e  the  
age at d e a th . T h e  f irs tb o rn  c h ild  w as e ld e s t  s u r v iv in g  c h ild  u n til its d e a th , 
assum ed to o ccur h a lfw a y  b etw een  the  la s t age at w h ic h  it  w as  a liv e  and  
the  f i r s t  age  at w h ich  it was dead; th e  second c h ild  w o u ld  then  be an e ld e s t  
s u r v iv in g  c h ild  from  th is  age less the  in te rv a l b e tw een  the tw o b ir th s  
to its  d ea th ; i f  it had d ie d  b e fo re  the f i r s tb o r n 's  d e a th , c o n s id e ra tio n  
passed  d ir e c t ly  to the th ird b o rn  c h i ld ,  a d ju s tin g  the  age b y  two b ir th  
in te r v a ls ,  w hereas  if  the secondborn  h a d  not been b o rn  at the d eath  o f the  
f irs tb o rn  it  was e ld e s t s u rv iv in g  c h ild  fro m  b ir t h .  Each case o f an e ld e s t  
s u r v iv in g  c h ild  w as added  in to  the r e le v a n t  ce ll o f a th re e  w a y  m a tr ix  o f 
e ld e s t s u r v iv in g  c h ild re n  by th e ir  a g e ,  b ir th  o r d e r ,  and m o th e r's  age at 
th e ir  b i r t h .  In th is  w a y  the d is t r ib u t io n  b y  these th re e  v a r ia b le s  of e ld e s t  
s u r v iv in g  c h ild re n  w as obta ined  fo r a  s ta t io n a ry  p o p u la tio n . P ro p o rtio n s  
not o rp h a n e d  w e re  then  obta ined  m a n u a lly  b y  a p p ly in g  s u ita b le  s u r v iv o rs h ip  
p ro b a b ilit ie s  to the n u m b er o f e ld e s t s u r v iv in g  c h ild re n  o f m others  o f each  
ag e , a n d  a su ita b le  age d is tr ib u tio n  fa c to r  to c o n v e rt  the  s ta tio n a ry  
p o p u la tio n  s itu a tio n  in to  a s tab le  p o p u la tio n  w ith  a g ro w th  ra te  o f two p e r  
cen t p e r  annum . T h e  b ir th  o rd e r  c o m p o s itio n  o f s u r v iv in g  c h ild re n  w as  
o b ta in e d  b y  a p p ly in g  the g ro w th  ra te  fac to rs  to each  ce ll o f the m a tr ix ,  and  
sum m ing  fo r each b ir th  o rd e r . T h e  p ro p o rt io n s  not o rp h a n e d  fo r se lected
age g ro u p s  a re  com pared  in T a b le  3 .1 0  w ith  the p ro p o rtio n s  estim ated  by  
the  o r ig in a l m ethod fo r a f i r s t  b ir th  m ean  o f 2 1 .5  y e a rs .  T a b le  3 .11  show s
the b ir th  o rd e r com position  o f e ld e s t s u r v iv in g  c h ild re n  aged  20 and  40
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as es tim ated  b y  b o th  m ethods.
T a b le  3 .1 0 : P ro p o r t io n s  o f E ld e s t S u r v iv in g  C h ild re n  n o t O rp h a n e d  b y  
D if fe r e n t  M ethods o f E s tim a tio n .
A g e  P ro p o r t io n  o f E ld es t S u r v iv in g
C ro u p  c h ild re n  not o rp h a n e d
B ir t h  O rd e r  S im u la tio n
M eth o d  M eth od
5 to 9 0 . 933 0 . 936
10 to 14 0 . 887 0 . 891
25 to 29 0 .709 0 . 724
30 to 34 0 . 624 0 . 644
45 to 49 0 .252 0 . 296
50 to 54 0 .124 0 . 172
P ro p o rtio n s  n o t o rp h a n e d  a re  m a rk e d ly  h ig h e r  fo r  the s im u la tio n  model 
than  fo r the o r ig in a l  m eth o d , the d if fe re n c e  in c re a s in g  w ith  a g e . T h is  is not 
e n c o u ra g in g , b u t  the d ire c tio n  o f th e  d if fe re n c e  is as w o u ld  be e x p e c te d .  
F ir s t ,  the s im u la tio n  uses fo r  the te s t case a co n s ta n t age a t m a r r ia g e , 20 
y e a rs , and th is  w i l l  re d u c e  the  s p re a d  o f the  f i r s t  and  s u b s e q u e n t b ir th  
d is tr ib u t io n s , th u s  re d u c in g  the im p a c t o f ra p id ly  r is in g  m o rta lity  in  o ld  
a g e . S eco nd , th e  p o in t m ade in the  in tro d u c tio n  to th is  section  a b o u t the  
re la t io n  b e tw e e n  b ir th  in te rv a ls  and  f e r t i l i t y  w o u ld  h e lp  to e x p la in  the  
d is c re p a n c y . T h i r d ,  the  f i r s t  b ir th  m ean fro m  the s im u la tio n  is a s ta t io n a ry  
p o p u la tio n  m e a n , and  w il l  thu s  be s l ig h t ly  h ig h e r  th a n  the  s ta b le  p o p u la tio n  
mean used to s e le c t  the c o m p a ra b le  o r ig in a l m o d e l. On the  o th e r h a n d . T a b le  
3.11 shows th a t  the  s im u la tio n  m odel es tim ates  a lo w e r p ro p o rtio n  o f f irs tb o rn  
among e ld e s t s u r v iv in g  c h i ld r e n ,  a n d  th is  w o u ld  be  e x p e c ted  to re s u lt  in a 
h ig h e r  p ro p o r t io n  o rp h a n e d . In fa c t, the es tim ates  o f the b ir th  o r d e r
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co m p o s itio n  o f e ld e s t s u rv iv in g  c h ild re n  a re  ra th e r  s im ila r ,  w h ich  is 
e n c o u r a g in g . T h e  s im u la tio n  m odel has  a ra th e r  h ig h e r  p ro p o rtio n  of 
h ig h e r  o r d e r s ,  w ith  much h ig h e r  o rd e r s  s ig n if ic a n t ly  re p re s e n te d . A g a in ,  
th is  is w h a t  w ou ld  be expected; the  f e r t i l i t y  o f the s im u la tio n , w ith  a total 
f e r t i l i t y  ra te  o f 7 .5 ,  is c o n s id e ra b ly  h ig h e r  than  th a t o f the o r ig in a l m o d e l, 
w ith  a to ta l f e r t i l i t y  ra te  o f 6 . 0  ; an d  the fac t th a t th e  s im u la tio n  a llow s
v a r ia t io n  in  the t im in g  o f b ir th s , w h e re a s  the o r ig in a l model fixe s  the  
m o th e r 's  a g e  at b ir th  fo r an y  g iv e n  b ir th  o rd e r ,  in c re as e s  a ll the v a r ia n c e s ,  
and  h en c e  le n g th e n s  the ta il o f the d is t r ib u t io n .
T a b le  3 .1 1 :  B ir th  O rd e r  C om position  o f E ld est S u rv iv in g  C h ild re n  b y  
D if fe re n t  M ethods o f E s tim a tio n .
B ir th  A ge C ro u p  o f C h ild re n
O rd e r 20
B ir th
O r d e r
M ethod




O rd e r
M ethod
S im u la tion
Method
1 0 .7 1 6 0 .6 8 3 0.601 0 .5 4 0
2 0 .2 0 3 0.211 0 .2 4 0 0 .2 36
3 0 .0 5 8 0 .0 6 3 0 .0 9 5 0 .1 09
4 0 .0 1 7 0 .0 2 4 0 .0 3 9 0 .0 55
5 0 .0 0 5 0.012 0 .0 1 6 0.022
6 0.001 0 .0 0 3 0 .0 0 6 0.012
7 - 0.001 0.002 0 .005
8 - 0.002 0.001 0 .007
9 - 0.001 - 0 .0 05
10 - - - 0 .003
11 - 0.001 - 0.002
12 - - - 0.002
13 - - - 0.001
14 - - - 0.001
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MrTM ▼ AXXl'iVS X V Q O l
T h e  fe r t i l i t y  s im u la tio n  m odel d if fe r s  in  s e v e ra l im p o rta n t w a y s  from  
th e  s itu a tio n  in  a ty p ic a l d e v e lo p in g  c o u n tr y .  T h e  h ig h e s t a g e  a t the  
o n s e t o f s te r i l i ty  is h ig h e r  in  the m odel th a n  seems to be the c a s e  in 
d e v e lo p in g  c o u n tr ie s . T h u s  in  the m odel f e r t i l i t y  h is to r ie s  th e r e  a re  one  
o r  tw o  cases o f wom en g iv in g  b ir th  a t the age of 53 , w h e r e a s  in  
d e v e lo p in g  c o u n tr ie s  v e r y  few  w om en g iv e  b ir th  a fte r  45 o r  so. T h is  
p a r t ly  e x p la in s  the la rg e  difference  b e tw e e n  f ir s t  and  a ll b i r t h  means 
g iv e n  b y  the  s im u la tio n  model o f 9 i  y e a rs ,  com pared  w ith  a b o u t seven  
y e a rs  by the  o r ig in a l method; th e re  a re  o th e r fac to rs  a ffe c tin g  th is  as 
w e l l ,  such as the f ix e d  age at f i r s t  m a r r ia g e , w h ic h  has m o re  im pact on 
th e  age at f i r s t  b ir th  than  on the  age a t su b seq u en t b ir th s .  T h e  fe r t i l i t y  
s im u la tio n  a lso  assum es th a t h u s b a n d s  rem a in  a liv e  as long  a s  th e ir  w iv e s  
can  b e a r c h ild r e n , o r  tha t w id o w s  u n d e r  50 r e m a r r y  im m e d ia te ly  upon  
w id o w h o o d . T h is  w o u ld  im p ly  a h ig h e r  to ta l f e r t i l i t y  ra te , a n d  a h ig h e r  
p ro p o rtio n  o f h ig h e r  o rd e r  b ir th s  b o rn  to o ld e r w om en , th a n  w o u ld  
n o rm a lly  be the c a s e . T h ese  d iffe re n c e s  w ou ld  be e x p e c ted  to  have some 
im p ac t on o rp h a n h o o d  o f e ld e s t s u r v iv in g  c h ild r e n , tho ug h  th e  s ize  and  
d ire c tio n  o f the  e ffec ts  is not c le a r  to common sense a lo n e . T h e  re s u lts  o f
th e  s im u la tio n  m ethod are  a lso  s u b je c t to sam p ling  e r r o r ,  th o u g h  the  
con s is te n cy  o f its  re s u lts  suggests  th a t th is  is not an im p o rta n t  fa c to r .
T h e  s im u la tio n  fa ils  to co n firm  the  re s u lts  o f the o r ig in a l  m odel. T h e  
f in a l p ro p o rtio n s  o rp h a n e d  a re  v e r y  d if fe re n t , b u t it seem s l ik e ly  th a t the  
o r ig in a l m ethod is m ore re a lis tic  fo r  the actual o rp h a n h o o d . T h e  s im u la tio n  
seem s to g iv e  a m ore  re a lis tic  accou nt o f the b ir th  o rd e r  co m p o s itio n  of 
e ld e s t s u r v iv in g  c h i ld r e n ,  b u t the d iffe re n c e s  a re  not v e r y  g re a t .  T h e  
s im u la tio n  thu s  n e ith e r  con firm s  n o r  condem ns the o r ig in a l m etho d , and  it  
is im p oss ib le  to assess the success o f in te rp o la tin g  l in e a r ly  b etw een  f i r s t  
b ir th  w e ig h ts  and  a ll b ir th  w e ig h ts  u s in g  the es tim ated  b i r t h  o rd e r  
com position  o f e ld e s t s u r v iv in g  c h i ld r e n .  It is not c le a r  th a t  the s im u la tio n
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w o u ld  g iv e  b e t te r  re s u lts  than  the  o r ig in a l m e th o d , and  the  w o rk  in v o lv e d ,  
in  c a lc u la t in g  p ro p o rt io n s  fo r d if fe r e n t  f i r s t  b ir th  m ean s , le v e ls  o f c h ild  
m o r ta l i ty ,  and  p a tte rn s  o f m o r ta l i ty ,  w o u ld  b e  v e r y  s u b s ta n tia l. T h e  m o d el 
as u se d  h e re  does show  one o r  tw o  p u z z l in g  fe a tu re s , fo r  instance th a t th e  
d if fe re n c e  b e tw e e n  the  f i r s t  an d  a ll b ir th  m ean s  is 9 i  y e a rs , m uch h ig h e r  
th a n  a n y  e m p ir ic a l v a lu e s ; th is  is p ro b a b ly  p a r t ly  an e ffe c t o f the fixe d  
a g e  a t m a r r ia g e , p a r t ly  tha t these  a re  s ta t io n a ry  p o p u la tio n  m eans, and  
p a r t ly  the  s im u la tio n 's  h ig h  age at s t e r i l i t y .
3 .1 3  E r r o r s  in  th e  E stim ate  o f B e ta .
So f a r ,  e r r o r s  o r a p p ro x im a tio n s  in  th e  m ethod h a v e  been d is c u s s e d  
in  te rm s  o f th e ir  e ffe c t on the w e ig h ts . W h a t is im p o rta n t, o f c o u rs e , is 
t h e ir  e ffe c t on a f in a l es tim ate  o f a d u lt  m o r ta l i ty .  S in c e  the in d ex  of 
a d u lt  m o r ta lity  u se d  in  c a lc u la tin g  the  w e ig h ts  is b e ta , th is  is a c o n v e n ie n t  
in d e x  o f a d u lt  m o r ta l i ty  to m eas u re  w ith  th e  m ethod. T h e  p ro c e d u re  h a s  been  
d e s c r ib e d  (B ra s s  and  H i l l ,  1 9 7 3 ) , and  it  is  also o u tlin e d  in C h a p te r 5. T h e
p o in t  b y  p o in t e x a m in a tio n  in  the  p re v io u s  section  o f the  e ffects  of 
d e v ia t io n s  fro m  th e  assum ption s  show s th a t  o n ly  two d e v ia tio n s , in  I 
a n d  in  b e ta , a re  o f a s e rio u s  n a tu re ,  i f  th e  m ethod o f a n a ly s is  recom m ended  
is a d o p te d . H o w e v e r , i f  no c o rre c t io n  is m ade fo r b e ta , and i f  the a p p ro x im a te  
c o r re c t io n  fo r I is a d o p te d , some s y s te m a tic  e r r o r  is in tro d u c e d . T o
f in d  o u t th e  e ffe c t o f th is  e r r o r  on a f in a l es tim a te  of b e ta , the fo llo w in g  
p ro c e d u re  w as a d o p te d . T h e  w e ig h ts  fo r  a  g iv e n  v a lu e  of beta (0. 8  o r  1 . 3 ) ,
I (650  o r  9 0 0 ) , an d  M 1 (19 o r  24  y e a rs )  w e re  o b ta in ed  fo r a ra n g e  of
c e n tra l ages fro m  20 to 40 fro m  the  fu ll ta b u la t io n s . T h e  p ro p o rtio n s  o f  
e ld e s t  s u r v iv in g  c h ild re n  w ith  m o th e r a l iv e  in each age g ro u p  that co m b in e d  
w ith  the w e ig h t  to  g iv e  the  re le v a n t  v a lu e  of beta w e re  c a lc u la te d . T h e n  the 
a p p ro x im a te  w e ig h ts , o b ta in e d  w ith  no a llo w a n c e  b e in g  m ade fo r c h ild  
m o r ta l i ty ,  w e re  a p p lie d  to the  'c o r r e c t ' p ro p o rtio n s  w ith  m other a l iv e ,  and
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a n  estim ate  o f beta a r r iv e d  a t. Some o f the estim ates  o f  beta a r r iv e d  at in  
th is  w ay  a re  show n in T a b le  3 .1 2 . T h e  estim ate s h o w n  is the a r ith m e tic  
m ean o f the v a lu e s  o f beta  obta ined  fo r c en tra l ages o f  20 to 40. A s  can be 
s e e n , the estim ates  fo r  h ig h  c h ild  m o rta lity  a re  v e r y  e r r a t ic .  T h e  f ig u re s  in  
b ra c k e ts  a re  the es tim ates  p ro du ced  b y  using  the h ig h  o r  low a d u lt  m o r ta lity  
w e ig h ts  from  section  3 .1 2 .  It  can be seen that th e y  g iv e  q u ite  ad eq u a te  
r e s u lts .  As long  as th e  recom m ended p ro ce d u re  is fo llo w e d , the e r r o r  in  
th e  fin a l estim ate  of b e ta  is u n lik e ly  to be m ore than  o n e  p e r c e n t. A n  e r r o r  
o f  betw een  one and  tw o  p e r cent in the estim ate of I ^  w ou ld  be an e q u a lly  
s e rio u s  sou rce  o f e r r o r .
T a b le  3 .1 2  Estim ates o f  Beta u s in g  A p p ro x im ate  W e ig h ts
F ir s tb ir th
M ean
( 2 ) Beta = 0 .8  = 650 ' ( 2 ) =  900 B e ta  = 1 . 3  1 (2 )  = 6 5 0 ( 2) = 900
19
24
0 .7 9 4
0 .7 7 8
(0 .7 9 7 )
(0 .7 9 2 )
0 .7 9 8
0.801
1 .3 4 3  
1 .3 1 8
(1 .3 1 2 )
(1 .3 1 2 )
1 .2 9 6  
1 .3 1 4
F ig u re s  in  b ra c k e ts  a r r iv e d  at b y  u s in g  the h ig h  m o r ta l i ty  c o rre c tio n s .
3 .1 4  W eigh ts  fo r P ro p o rtio n s  w ith  S u rv iv in g  F a th e r s .
T h e  p r in c ip le s  a n d  ca lcu la tio ns  a re  alm ost e x a c t ly  the same fo r  fa th e rs  
as fo r m o th e rs , and  w i l l  not be d es c rib e d  a g a in . H o w e v e r ,  a f i r s t  b ir th  
fun c tio n  fo r  fa th e rs  w i l l  be n ee d e d , as w ill a " p a r i t y "  d is tr ib u t io n  and  a 
f ig u re  fo r the b ir th  in te r v a l .  A n ad justm ent w ill  a ls o  be needed to a llo w  fo r  
the  fact th a t c h ild r e n  a re  at r is k  o f p a te rn a l o rp h a n h o o d  from  con cep tion  
ra th e r  than  fro m  b i r t h ,  so that the  exposed p e r io d  is  not the age o f the  c h ild ,  
b ut a p p ro x im a te ly  th r e e -q u a r te rs  o f a y e a r  m ore th a n  th is . T h e  re s u lt  o f  
th is  is , th a t i f  p ro p o rtio n s  not o rp h an ed  a re  c a lc u la te d  fo r s u r v iv a l tim es  o f
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th e  p a re n t  o f one y e a r ,  tw o y e a r s ,  and so fo r th ,  the a g e s  o f c h ild  
c o r re s p o n d in g  to them  w ill be a q u a r t e r ,  one an d  a q u a r t e r ,  and  so o n .
T h is  m ay be s im p ly  a llo w ed  fo r w h e n  w e ig h tin g  the p ro p o rt io n s  o rp h a n e d  
a t p o in t  ages in to  the p ro p o rtio n  f o r  a f iv e  y e a r  age g r o u p .  Each age g ro u p  
w i l l  have  f iv e  p o in ts  in  i t ,  and  t h e  p ro p o rtio n  o rp h a n e d  in  the age g ro u p  
c a n  be a p p ro x im a ted  as
5Pa =
w 0 + 3 w 1 +  3 w 2 i +  3 w u
w h e r e  the w e ig h ts , w ^ , a re  age  d is tr ib u t io n  fa c to rs , c a lc u la te d  as b efo re  
f ro m  the m o rta lity  sched u le  and  th e  ra te  o f p o p u la tio n  g ro w th .
3 .1 5  A F ir s t  B ir th  F un ction  fo r  M a le s .
T h e re  a re  v e ry  few  data on w h ic h  a m odel f i r s t  b i r t h  d is tr ib u t io n  for  
m a le s  can be b ased . C ensuses h a v e  n e v e r  c o lle c ted  in fo rm a tio n  ab o u t m ale  
f e r t i l i t y ,  and  tab u la tio n s  o f fe m a le  fe r t i l i t y  b y  age o f h u s b a n d , l iv in g  in  
th e  same h o u se h o ld , a re  u n s a t is fa c to ry ,  s in c e  not a ll fa th e rs  a re  in c lu d e d ,  
a n d  a p re v io u s ly  m a rr ie d  h u s b a n d  m ay h ave  had c h i ld r e n  a lre a d y .  
R e g is tra t io n  data a re  also of l i t t l e  v a lu e , s in c e  m ost re g is tr a t io n  system s  
in c lu d e  a p ro v is io n  th a t the n a m e , and o th e r d e ta ils  o f th e  fa th e r , need  not 
be in c lu d e d  on the re g is tra tio n  fo rm  o r b ir th  c e r t i f ic a te .  T h is  is not a 
c r it ic is m  o f censuses o r r e g is tr a t io n  sys te m s. Such  in fo rm a tio n  is not o f 
m u c h  v a lu e  in  the norm al c o u rs e  o f e v e n ts , tho ug h  it  is  d is a p p o in tin g  not 
to be ab le  to f in d  an y  data w h e n  the  need a r is e s . P ro p o rtio n s  o f m en , by  
a g e  g ro u p , w ho  have  been fa th e r s  w ou ld  p ro v id e  a c u m u la te d  f i r s t  b ir th  
d is t r ib u t io n ,  bu t even  th is  is n o t  a v a ila b le  a n y w h e re . O n ly  one s o u rce  of 
d a ta  on f i r s t  b ir th s  b y  age o f f a t h e r  has been  fo u n d . T h is  is a sp ec ia l 
ta b u la tio n  o f re g is tra tio n  data f o r  the U n ite d  S ta te s , p ro d u c e d  to
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in v e s t ig a te  the  effects o f b ir th  o r d e r  and p a re n ta l ages on the  sex  ra tio  
at b ir th  (N o v its k i  and K im b a ll, 1 9 5 8 ) . F ir s t  b ir th s  b y  age o f fa th e r  and  
m o ther w e r e  tab u la ted  fo r  the  U .S .  fo r 1955. A n  estim ated  m id  y e a r  
p o p u la tio n  w as o b ta in ed  fo r the  c o n tin e n ta l U .S .  (U .S .  D e p a rtm e n t o f 
C o m m e rc e , 1 9 5 6 ), and co m bin ed  w ith  the f ig u re s  fo r f ir s t  b ir th s  to g iv e  
an age s p e c if ic  f irs t  b ir th  fu n c tio n  fo r m a le s . T h e  b ir th s  b y  a g e  g ro u p , the  
m ale p o p u la t io n , and the  re s u lta n t  d is tr ib u t io n  a re  show n in  T a b le  3 .1 3 .
T a b le  3 .1 3 A  M ale A g e  S p e c ific F ir s t  B ir th D is tr ib u t io n .
A ge
G ro u p
F irs t  B ir th s  
to m a le s , 
U .S .A  1955
M id -Y e a r  
P o pu la tio n  
C o n tin e n ta l 
U .S .A  1955  
'000
A ge S p e c ific  




-20 7 5 ,7 9 6 5 ,5 2 3 * .0137 .0233
2 0 -2 4 417 ,7 0 2 4 ,941 .0845 .0728
25 -2 9 3 1 5 ,2 4 0 5 ,6 5 9 .0557 .0598
3 0 -3 4 123 ,6 6 0 5 ,9 9 0 .0206 .0332
35 -3 9 4 8 ,5 4 6 5 ,6 2 8 .0086 .0104
4 0 -4 4 18, 514 5 ,4 7 6 .0 0 34 .0005
45 -49 6 , 383 4 ,9 8 0 .0013 -
*  P o p u la tio n  aged 15 to 19 M ean  = 2 5 .9 4  y e a rs
V a r ia n c e  = 2 8 .1 9
V a r io u s  o th e r a p p ro a c h e s  w e re  t r ie d  in an attem pt to get m ore e v id e n c e , 
such as  m a n ip u la tin g  the d a ta  a v a ila b le  fo r  E n g lan d  and W ales  (R e g is tra r  
G e n e ra l o f  E n g lan d  and  W a le s , 1968) on n u m b e r o f fam ilies  w ith  o r  w ith o u t  
d e p e n d e n t c h ild re n . T h e  d ata  co u ld  not be p ers u a d ed  to g iv e  a n y th in g  u s e fu l,  
b ecau se  c h ild re n  w e re  c e a s in g  to be d e p e n d e n t b e fo re  a ll f i r s t  b ir th s  w o u ld
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It  is c le a r ly  u n s a tis fa c to ry  to base a m odel d is tr ib u t io n  on one se t o f 
f ig u r e s , e s p e c ia lly  w hen  the f ig u re s  a re  from  the  U .S .  an d  the  m ethod is to 
be a p p lie d  to d e m o g ra p h ic a lly  q u ite  d if fe re n t  c o u n tr ie s . T h e r e  seems 
h o w e v e r to be no a lte r n a t iv e .  Some s lig h t c ru m b  o f co m fo rt is p ro v id e d  b y  
a c o m p a riso n  o f th e  male and  the  fem ale f i r s t  b ir th  d is tr ib u t io n s  fo r th e  U .S .  
in  1955. T h e  m ean o f the m ale d is tr ib u t io n  is o v e r  th re e  y e a rs  h ig h e r ,  2 6 .1 7  
as opposed  to 2 2 .7 2 , and the  v a r ia n c e  w o rk s  out c o n s id e ra b ly  h ig h e r ,  at 
2 8 .1 9  in s te a d  o f 2 2 .6 0 . T h e  fem ale  f i r s t  b ir th  d is tr ib u t io n  f its  q u ite  w e ll  
w ith  the fem a le  m o d e l, and  the  d iffe re n c e s  in  m ean and v a r ia n c e  seem  
p la u s ib le .
O b v io u s ly  w hat is re q u ire d  to f it  the  d a ta  is a d is tr ib u t io n  b ro a d ly  sim i 
to th a t fo r  m o th e rs , but w ith  a s lig h tly  la r g e r  ra n g e . It is  c le a r ly  not 
w o r th w h ile  s p e n d in g  m uch tim e  f in d in g  a fu n c tio n  to f it  e x a c t ly  the one  
d is t r ib u t io n  a v a ila b le . It w as found th a t a rea s o n a b le  a p p ro x im a tio n  w as  
a c h ie v e d  b y  u s in g  the same fun ctio n  as fo r m o th ers  but w ith  a ra n g e  o f  25 
y e a r s .  T h is  g iv e s  a d is tr ib u t io n  w ith  a m ean 8 .3  y e a rs  a f te r  the s ta r t  o f  
fa th e rh o o d , and  a v a ria n c e  o f 2 5 .3  y e a rs .  Rates fo r f iv e  y e a r  age g ro u p s  a re  
show n in  T a b le  3 .1 1 ,  f itte d  to the U .S .  data  th ro u g h  the m ean . T h e  fu n c tio n  
u sed  is
f  (t) = t *  (25 -  t ) 2
m
an d  as can  be seen from  the ta b le , the f it  is a d eq u a te  w ith  the one e m p ir ic a l 
d is t r ib u t io n  a v a ila b le .
have o c c u rre d , and because of the basic problem s involved  in a fam ily
approach to the issue.
79
3 .1 6  B ir th  In te rv a ls  and T o ta l C h ild re n  B o rn .
W h ereas  th e re  a re  h a r d ly  a n y  data  on m ale  f i r s t  b ir th  d is tr ib u t io n s ,  
th e r e  is n o th in g  at a ll on m ale b ir th  in te rv a ls  and  p a r i ty  d is tr ib u t io n s .  
C e r ta in  a ssu m p tio n s  can be m a d e , h o w e v e r . In  a p e r fe c t ly  m onogam ous  
s o c ie ty , w ith  no e x tra m a r ita l b ir th s  and no  re m a r r ia g e ,  b ir th  in te rv a ls  
w i l l  be e x a c t ly  the  same fo r  m ales  as fo r fe m a le s . I f  the " p a r ity "  d is tr ib u t io n  
is also  the  sam e , then  the  m ale and  fem ale  to ta l f e r t i l i t y  ra te s  w il l  be the 
sam e. H o w e v e r , s ince each b ir th  to a w om an is a lso  a b ir th  to a m an , the  
to ta l n u m b e rs  o f b ir th s  to each  m ust a lw a y s  be the  sam e. S in c e  males  
m a r r y  la te r ,  th e y  w il l  be s u b je c t to h e a v ie r  m o r ta l i ty ,  and  to m a in ta in  the  
sam e n u m b e r o f b ir th s  w i l l  n ee d  a h ig h e r  to ta l f e r t i l i t y  ra te . I f  the  
assu m p tio n  o f  s tr ic t  m onogam y is r e la x e d , th is  e ffe c t w il l  be re in fo rc e d  b y  
a g re a te r  p ro p e n s ity  to r e m a r r y  and  h av e  m ore  c h ild r e n  b y  a su b sequ ent 
w ife ,  and  b y  an a b il i ty  to do th is  u n til la te r  in  l i f e .  T h e  p ro p o rtio n  
c h ild le s s  is a lso  lik e ly  to be lo w e r ,  s in c e  it  is o ften  the p ra c tic e  tha t 
m a rr ia g e s  a r e  not c o n s id e re d  to be b in d in g  u n t il  th e  w ife  has show n h e rs e lf  
to be fe r t i le ;  i f  she fa ils  to do  so, w h e th e r  th ro u g h  h e r ow n  fa ilu re  o r  the  
h u s b a n d 's , the  h usban d  m ay p u t h e r  a s id e  and  ta k e  a n o th e r w ife .  I f  
the  as s u m p tio n  o f s tr ic t  m onogam y is re la x e d  to a llo w  re m a rr ia g e , b u t  
not e x tr a m a r ita l  b ir th s , m ale and  fem ale b ir th  in te rv a ls  w i l l  be the sam e, 
as long as th e y  do not c h a n g e  w ith  age a n d  p a r i t y .  P o lygam y w ill  m ake the  
m ale  b ir th  in te rv a l s h o rte r  th a n  the  fe m a le , and  is  l ik e ly  to m ake the  fem ale  
in te rv a l r a th e r  lo n g e r than  u s u a l. It is a lso  l ik e ly  to ra is e  the age of m ale  
m a r r ia g e , an d  as such w il l  n eed  an e v e n  h ig h e r  m a le  total f e r t i l i t y  ra te  to 
p ro d u c e  th e  same n u m b e r o f c h i ld r e n .
T h e  u p s h o t o f these c o n s id e ra tio n s  is  th a t it  seem s reaso n ab le  to use 
the same b ir t h  in te rv a l fo r  fa th e r s ,  n a m e ly  2 . 6  y e a r s ,  s in c e  most socie ties  
a re  b a s ic a lly  m onogam ous. T h e  total f e r t i l i t y  ra te  sho u ld  be som ew hat 
h ig h e r ,  so a v a lu e  o f 6 .5  w a s  u s e d , w ith  97 p e r  c e n t becom ing  fa th e rs .
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T h e  " p a r ity "  d is tr ib u t io n  w as d e r iv e d  from  the n eg a tive  b in o m ia l a lre a d y  
m entioned  (B ra s s , 1 9 5 8 ), and  is show n in T a b le  3 . I4  tog eth er w i t h  the 
model p a ra m e te rs . T h e  m odel w as d eve lo ped  to d es c rib e  fem ale p a r i t y  
d is t r ib u t io n s , and it w as not d es ig n e d  fo r fa th e rs . T h e  a rg u m e n ts  above  
s u g g e s t, h o w e v e r , tha t in  a b ro a d ly  m onogam ous socie ty  th e re  w i l l  not be 
m uch d if fe re n c e , though th e  m odel m ay u n d eres tim ate  som ew hat th e  n um bers  
w ith  p a r it ie s  o v e r ten o r  s o . T o  take  account o f th is  h u n ch , b a s e d  on no 
data  at a l l ,  w o u ld  have m eant d e v e lo p in g  a new  m odel; th is  w as n o t  fe lt to 
be fe a s ib le  o r  s e n s ib le . T h e  m odel shows one p e r  cent o f fa th e rs  as  h av in g  
14 c h i ld r e n ,  and  less th a n  h a lf  o f one p e r  cen t have m ore than t h is ,  so 14 
is used as the  cu t o ff p o in t . W ith  a b ir th  in te rv a l o f 2 .6 y e a rs , t h is  means 
(g iv e n  th e  assum ptions o f the  m ethod) that no fa th er w ill  have a c h ild  m ore  
than  34 y e a rs  a fte r  the ag e  at w h ic h  f i r s t  b ir th s  o c c u r. I f  th is  is  25 y e a rs ,
then  no fa th e r  w ill  have a c h ild  a fte r  the age o f 59, w h ich  is n o t a l l  that
u n re a s o n a b le , as a c ru d e  a p p ro x im a tio n .
T a b le  3 .1 4 :  M ale  C o m p leted  P a r ity  D is tr ib u t io n .
P ro p o rtio n s  w ith  C om pleted  P a r ity  o f at least
1 2 3 4 5 6 7 8 9 10 11 12 13 14
.9 7  .9 5  .91 .84  .7 5  .62  .49  .3 7  .2 6  .1 6  .1 0  .0 5  .03 .01
T o ta l F e r t i l i t y  Rate = 6 .5
b = 0 .6 6 ,  k = 4 .8 2
3 .1 7  W e ig h ts  fo r R e p o rts  o f E ld es t S u rv iv in g  C h ild re n .
W e ig h ts  fo r a n a ly s in g  re p o rts  o f e ld e s t s u rv iv in g  c h ild re n  abo ut the  
s u r v iv a l o f  th e ir  fa th e rs  w e re  c a lcu la ted  in  ju s t the same w ay  a s  s im ila r
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w e ig h ts  fo r  m o th e rs , e x c ep t th a t n u m e ric a l v a lu e s  g iv e n  above w e re  
s u b s titu te d , and  a ra th e r  d if fe re n t  system  o f  w e ig h tin g  in to  age  g ro u p s ,  
also  d e s c r ib e d  in  the  p re v io u s  se c tio n , w a s  u s e d .
T h e  w e ig h ts  ca lcu la te d  a re  o b v io u s ly  o f  a typ e  s im ila r  to those fo r  
m o th e rs , an d  th e y  b ehave in  m uch the sam e w a y . T h u s  th e y  a re  m uch  
a ffe c te d  b y  th e  le v e l o f c h ild h o o d  m o r ta l i ty ,  w ith  the  e ffe c t in c re a s in g  w ith  
age o f re s p o n d e n t. As fo r fem a les , a c o r re c t io n  p ro cess  is n eed ed  to g e t  
ro u n d  th is .  Some e x p e rim e n ta tio n  w as a lso  c a r r ie d  out to f in d  the m ost 
e ff ic ie n t  e s tim a tin g  equ atio n  fo r the  m e th o d , and the b es t base B . F o r  
th e  a ll c h ild r e n  case, it had been found th a t  the most s u ita b le  s u r v iv o r s h ip  
p ro b a b i l i ty  to estim ate  w as I w i t h  v a lu e s  o f B o f 2 7 .5t D + I N + Z  j J  I t J )
o r  3 2 .5  (B ra s s  and  H i l l , 1 973) . T h re e  d if f e r e n t  p ro b a b ilit ie s  w e re  t r ie d  in
th e  e ld e s t  s u r v iv in g  c h ild re n  case, I ( 3 0 + N ) /■ ( 3 0 ) . 1 ( 32 i+ N ) / l  ( 3 0 ) '
an d  I . . » / I , - - , , .  None of these p r o b a b il i t ie s  g av e  s a tis fa c to ry  re s u lts  
(30+ N ) (2 7 i )
o v e r  the  fu ll  ra n g e  of v a lu e s  o f c h ild  m o r ta l i ty  and f i r s tb ir th  m ean . T h e  
f i r s t  ra t io  w as found  to be best fo r low m o r ta l i ty ,  and the second ra t io  fo r  
h ig h  m o r ta l i ty .  It is suggested  th a t the p ro p o r t io n  in the 20 to 29 age g ro u p  
w ith  a s u r v iv in g  fa th e r is used as the in d e x  fo r d e c id in g  w h ic h  p r o b a b il i ty  
to u s e , s in c e  th is  is a com bined  ind ex  o f n o t  o n ly  the le v e l o f c h ild  
m o r ta l i ty ,  b u t also  the f ir s tb ir th  m ean a n d  b e ta , both  o f w h ic h  h av e  a 
b e a r in g  on w h ic h  is the best function  to u s e .  So the e s tim a tin g  e q u a tio n
(30+N- l  = WN 5PN -5  + (1 WN J 5PN
'(3 0 )
s h o u ld  be  u sed  i f  the p ro p o rtio n  w ith  s u r v iv in g  fa th e r  in  the  20 to 29 age  
g ro u p  is 0 . 5 5  o r  h ig h e r ,  and  the e s tim a tin g  equation
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(3 2 j+ N  ) 
(30)
WN 5PN -5  + (1 " WN }
sho u ld  be used if  th e  p ro p o rtio n  is b elow  0 .5 5 .  T h e  m ethod fo r  fa th ers  is 
m uch  m ore s e n s it iv e  to the fo rm  o f the e s tim a tin g  e q u a tio n , a n d  the v a lu e  
o f B , than  is the m e th o d  fo r m o th e rs . T h u s  it is n ec e s s a ry  in  c e rta in  c ircu m stan ces  
to use the ra th e r  le s s  c o n v e n ie n t form  o f the  second o f these e q u a tio n s .
C o rre c tio n s  fo r  th e  leve l o f c h ild  m o rta lity  w e re  c a lc u la te d , as fo r  
m o th e rs , and  a g a in  a n  e n c o u ra g in g  d e g re e  o f c o n s is te n cy  w ith  the f irs t  
b ir th  m ean was e v id e n t .  T h e  c o rre c tio n s  a re  not p e r fe c t , th o u g h  th ey  seem  
to be s l ig h t ly  b e t te r  th a n  those fo r  m o th e rs , and re p re s e n t a v e r y  w o r th w h ile  
s im p lif ic a tio n . C o rr e c t io n s  w e re  c a lc u la te d  fo r both  sets o f w e ig h ts , and
fo r  the h ea v y  m o r ta l i ty  w e ig h ts , c o rre c tio n s  from  an  I
( 2 )
o f 700 w e re
c a lc u la te d , as w e ll a s  from  the n orm al I
( 2 )
o f 800 . It w as found  h o w e v e r
th a t  the c o rre c tio n s  fro m  an I o f 800 w e re  m o re  c o n s is te n t, and g av e
b e tte r  a p p ro x im a tio n s  fo r d if fe re n t  v a lu e s  o f the  f i r s t  b ir th  m ean . It was
th e n  o b s e rv e d  th a t th e  c o rre c tio n s  fo r the  two ta b le s  w e re  v e r y  s im ila r , and
th a t the  c o rre c tio n s  fo r  the low  m o rta lity  tab le  g a v e  re s u lts  as  good as , o r
b e tte r  th a n , the h ig h  m o rta lity  c o r re c t io n s , w h e n  a p p lie d  to the  h ig h
m o rta lity  bas ic  t a b le .  T h u s  o n ly  one se t o f c o rre c tio n s  is n e c e s s a ry  fo r the
tw o  ta b le s . T h e  lo w  m o rta lity  w e ig h ts , fo r an e s tim a tin g  e q u a tio n  of
I ,  . . . / I ,  a r e  show n in  T a b le  3 .1  5, the h ig h  m o rta lity  w e ig h ts , fo r
(30+N ) (30)
an es tim a tin g  e q u a tio n  of 1 (32 i+ N )^ 1 ( 3 0 ) '  a re  show n in T a b le  3 .1 6 ,  and  
th e  c h ild  m o rta lity  c o r re c t io n s , to be a p p lie d  to e ith e r  ta b le , a re  show n in  




TASLE 3 .1 5  ! WEIGHTS TOR PATERNAL ORPHANHOOD 0 ?  ELDEST SURVIVING CHILDREN IN LOW MORTALITY SITUATIONS.
FUNCTION ESTIMATED :  ^ ( jo + ^ ^ O O )  BETA '  1 , 0
‘(2) 800 A lpha -  0 .0 2 2 1  Grow th R a te  -  2 ,0 0 2  Mean Age a t  B i r t h  o f  i l l  C h ild r e n  ■ 3 2 .5 1  
F IR ST  BIRTH MEAN
THAI AGE
o rPONDEXTS KEAN ACE AT BIRTH OF ELDEST SURVIVING CHILDREN 2 2 2 3 2 4 2 5
2 6 2 7 2 8 2 9 30 31
10 . 8 2 7 2 . 5 4 5 4 . 5 8 1 4 . 6 1 6 6 . 6 5 2 5
. 6 8 9 7 . 7 2 8 9 .7 7 0 1 . 8 1 2 9 . 8 5 7 2 . 9 0 2 7
15 .9 1 7 1 . 4 5 2 1 .5 1 5 0 . 5 7 7 7 . 6 4 1 2
. 7 0 6 0 . 7 7 2 3 . 8 3 9 8 . 9 0 8 4 . 9 7 7 5 1 .0 4 7 1
20 1 .0 5 1 3 .3 5 0 1 . * 4 4 9 . 5 3 8 7 . 6 3 2 3
. 7 2 5 9 . 8 1 9 6 . 9 1 3 4 1 . 0 0 6 9 1 .1 0 0 0 1 . 1 9 2 6
2 5 1 .1 9 7 0 . 2 4 9 6 . 3 7 5 6 . 4 9 9 3 .6 2 1 1 . 7 4 1 5 . 8 6 0 7
. 9 7 8 8 1 . 0 9 5 9 1 .2 1 2 1 1 . 3 2 7 5
30 1 .3 5 5 5 . 1 8 8 3 . 3 3 9 3 . 4 8 7 0 . 6 3 1 9 . 7 7 4 8
.9 1 6 1 1 .0 5 6 1 1 . 1 9 5 4 1 .3 3 4 4 1 .4 7 3 9
35 1 .5 4 0 5 . 1 1 2 8 . 2 8 3 1 . 4 4 9 9 . 6 1 4 2 . 7 7 6 9 . 9 3 9 0
1 . 1 0 1 4 1 . 2 6 5 4 1 . 4 3 2 3 1 . 5 8 1 7
AO 1 .7 7 3 4 . 0 8 1 3 .2 6 1 1 . 4 3 9 0 . 6 1 6 6 . 7 9 5 5
. 9 7 7 4 1 .1 6 4 0 1 . 3 S 7 2 1 . 5 5 9 5 1 . 6 1 4 5
4 5 2 . 0 8 8 7 . 0 0 6 5 . 1 8 6 8 . 3 6 9 0 .5 5 5 1 . 7 4 7 3
. 9 4 8 4 1 . 1 6 1 7 1 . 3 9 1 6 1 . 6 4 3 5 1 . 5 0 1 7
50 2 . 5 3 9 9  - . 0 3 6 7 . 1 3 3 2 . 3 0 9 7 . 4 9 6 3 . 6 9 7 3 .9 1 8 1 1 . 1 6 5 2
1 . 4 4 6 S 1 . 7 2 8 3 1 . 2 7 7 5
5 5 3 . 1 9 6 4  - . 0 3 2 3 . 1 1 8 9 . 2 8 4 7 . 4 7 0 4 . 6 8 2 6 . 9 3 0 0
1 . 2 2 4 3 1 .5 8 2 0 1 . 3 1 0 7 1 .2 7 9 6

T a b le  3 .1 7 :  C o rre c tio n s  fo r  C h ild  M o r ta l i ty .
A m ou nt in  y e a rs  to be add ed  to m a le  f irs tb ir th  mean fo r v a rio u s  
v a lu e s  of
C e n tra l
A g e 650 700 750 800 850 900
10 1 .9 7 1 .3 3 0 .6 7 - -0 .7 2 -1 .4 6
15 2 .0 8 1 .3 8 0 .6 9 - -0 .6 9 -1 .3 6
20 2. 20 1 .4 5 0 .7 2 - -0 .6 9 -1 .3 4
25 2 .3 4 1 .5 4 0 .7 5 - -0 .7 1 -1 .3 4
30 2 .5 0 1 .6 4 0 .8 0 - -0 .7 4 -1 .3 7
35 2 .6 4 1 .7 4 0. 86 - -0 .7 8 -1 .4 2
40 2 .7 7 1.86 0 .9 2 - - 0.86 -1 .5 5
45 2. 86 1 .9 6 1.00 - -0 .9 6 -1 .7 7
50 2 .8 4 2.02 1 .0 6 - - 1.11 - 2.12
55 2 .6 7 1 .9 6 1 .0 7 - -1 .2 5 -2 .5 5
3 .1 8  D e v ia tio n s  from  the A s s u m p tio n s .
In  an exact p a ra lle l w ith  the case o f w e ig h ts  fo r m o thers , severa l of 
th e  assum ption s  a re  essen tia l to the  m e th o d o lo g y , and thus could  o n ly  be 
te s te d  b y  d e v is in g  a n o th e r m etho d . M ost o f th e  assum ptions can be tested , 
th o u g h , b y  u s in g  a lte rn a t iv e  n u m e ric a l in p u ts . T h is  has not in fact been  
done fo r  w e ig h ts  fo r fa th e rs , because the b e h a v io u r  o f these w e igh ts  is 
in  g e n e ra l so v e r y  s im ila r  to the b e h a v io u r o f  w e ig h ts  fo r m others in s im ila r  
c irc u m s ta n c e s . T h e re  is no reason  to su p po se  that any o f the conclusions  
d ra w n  fo r m o thers  in section  3 .1 2  w ou ld  not a p p ly  e q u a lly  fo r fa th ers . F o r  
those v a r ia b le s  w h ic h  d id  have a s ig n ific a n t  e ffe c t on the w e ig h ts  fo r  
m o th e rs , tab u la tio n s  w e re  ru n  to fin d  out the  s ize  and d ire c tio n  of the
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e ffe c t on w e ig h ts  fo r  fa th e r s .  W eights w e re  ca lcu la ted  f o r  a  ran ge  o f le v e ls  
o f c h ild  and a d u lt  m o rta lity  as  a re s u lt .  F or those v a r ia b le s  w h ich  d id  not 
h ave  a s ig n ific a n t e ffec t on th e  w e ig h ts  fo r  m o th e rs , it w a s  assum ed th a t 
th e y  w o u ld  not a ffec t w e ig h ts  fo r fa th e rs  e ith e r . T h e  w e ig h ts  ca lcu la te d  
a re  show n in A p p e n d ix  3 .4 .
( i )  T h e  leve l o f c h ild h o o d  m o rta lity .
A ll b ir th  w e ig h ts  v a r y  a lit t le  w ith  c h ild  m o rta lity . T h e  d iffe re n c e s  a re  
not v e r y  g re a t fo r low  c e n tr a l  ages an d  low m ean , so th a t  fo r  a mean o f 28 
and  c e n tra l age o f 10, the w e ig h ts  fo r l ^ ' s  ° f  650 a n d  900 a re  0 .7 8  and  
0 .8 2  re s p e c t iv e ly . T h e  c o m p a ra b le  w e ig h ts  fo r a c e n tra l age  of 55 a re  
- 0 .4 9  and - 0 .5 2 .  F o r a m e a n  o f 40, h o w e v e r, the p a ir s  a r e  1 .2 7  and 1 .4 0 ,  
and  2 .0 4  and 2 .2 6  r e s p e c t iv e ly .  F irs tb o rn  w e ig h ts  v a r y  ra th e r  m o re , and  
the o th e r w ay ro u n d , so th a t  th e re  is least v a r ia t io n  fo r  h ig h  c e n tra l ages  
and  h ig h  m eans. F o r a f i r s t  b ir th  m ean o f 22 , and  c e n tr a l  age of 10, the  
w e ig h t fo r an I ^  o f 6 5 0  is 0 .4 9 ,  and  for an I o f  900, 0 .3 7 .  F o r a 
c e n tra l age o f 55 , the c o m p a ra b le  f ig u re s  a re  - 0 .9 0  a n d  - 0 .7 3 .  F o r a m ean  
o f 30 , the w e ig h ts  a re  m u c h  less a ffec ted  by  c h ild  m o r ta l i ty ,  the c o m p a ra b le  
p a irs  b e in g  0 .71  and 0 .7 3 ,  and 0 .2 5  and 0 .2 7 . It w ill  b e  noticed  th a t the  
d iffe re n c e  b etw een  the a l l  b ir th  w e ig h ts  and the f ir s t  b i r t h  w e ig h ts  is 
c o n s id e ra b le .
T h e  e ffec t o f I ^  o n  the w e ig h ts  fo r e ld e s t s u r v iv in g  c h ild re n  is a 
com posite o f the e ffec ts  o f  I ^  on the o r ig in a l f i r s t  a n d  a ll b ir th  w e ig h ts ,  
and on the c o rre c tio n  p ro c e d u r e . A  m ethod o f c o r r e c t in g  fo r I ^  has  
a lre a d y  been d e s c r ib e d , and  it has been noted that i t  g iv e s  ra th e r  s a tis fa c to ry  
re s u lts . T h is  seems to b e  p a r t ly  because the e ffec t o f  I ^  on the b as ic  
w e ig h ts  is in  o pp os ite  d ir e c t io n s , so that a f ig u re  in te rp o la te d  in  b e tw een  
the f ir s t  and  a ll b ir th  w e ig h ts  is less affected  than th e  s ize  o f the d iffe re n c e s
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w o u ld  s u g g e s t. T h e  p o in t m ade in s e c tio n  3 .1 3  about l in e a r  in te rp o la tio n  
b e tw e e n  two p o in ts  v e r y  w id e  a p a r t  s h o u ld  be b o rn  in  m in d . T h e  same 
p ro b le m  o f g e tt in g  d if fe re n t  e s tim a te s  o f b e ta  from  the  same p ro p o rtio n s  
w ith  s u r v iv in g  fa th e r  u s in g  d if f e r e n t  e s tim a tin g  e q u a tio n s  a r is e s  fo r  
fa th e r s  as it d id  fo r m o th e rs . O n ce  a g a in , a ll th a t can  be sa id  is , that 
re a s o n a b le  re s u lts  w ill  be o b ta in e d  so lo n g  as the m ost s u ita b le  es tim atin g  
e q u a tio n  is u se d .
( i i )  T h e  leve l o f a d u lt m o r ta lity .
B e ta  has some e ffec t on the  a l l  b ir t h  w e ig h ts , b u t th is  is not su b stan tia l 
e x c e p t  fo r a com bination  o f h ig h  m e a n  a n d  h ig h  c e n tra l a g e . T h u s  for beta  
o f 0 . 8 ,  the w e ig h t fo r a m ean o f 4 0  a n d  c e n tra l age o f 55 is 2 .4 0 ,  bu t o n ly  
1 ,8 0  fo r  a beta o f 1 .3 .  F o r c e n tra l ages  o f 40 o r  b e lo w , the d iffe re n c e s  are  
n e v e r  s u b s ta n tia l. T h e  f i r s t  b ir t h  w e ig h ts  a re  m o re  s e r io u s ly  a ffec ted , 
s u r p r is in g ly .  T h is  is e s p e c ia lly  so fo r  h ig h  c e n tra l ages and  low  m eans. 
F o r  a mean o f 22 and  a c e n tra l a g e  o f 1 0 , the w e ig h t fo r  a beta  o f 0. 8  is 
0 . 4 6 , ,  that fo r  a beta o f 1 .3  is 0 .3 8 ;  fo r  a c e n tra l age  of 55, the  com parable  
w e ig h ts  a re  - 0 .9 0  and - 0 .6 4 .  F o r  a ll th ese  f ig u re s  I  ^ is 800; the  
e ffe c t  o f I  ^ on th a t o f beta is  n e ith e r  c o n s is te n tly  in  one d ire c tio n  n or  
s u b s ta n t ia l . Beta does u n fo r tu n a te ly  h a v e  some e ffe c t on the w e ig h ts  for 
e ld e s t  s u r v iv in g  c h ild re n . A s is  u s u a l,  the la rg e s t d iffe n c e s  a re  fo r h ig h  
m e a n , h ig h  c e n tra l age w e ig h ts . T h u s  fo r a c e n tra l age o f 40 and f irs t  
b ir t h  mean o f 30 , the w e ig h t fo r  a b eta  o f 0 .8  is 1 .4 5 ,  w h e re a s  fo r a beta  
o f 1 . 3 it is 1 .8 0 .  T h is  d e g re e  o f  d e p e n d e n c e  on b eta  is o f v e r y  much the  
sam e scale as fo r m o th e rs , th o u g h  p e rh a p s  ra th e r  m ore  s e rio u s  in h igh  
m o r ta l i ty ,  h ig h  mean s itu a tio n s . It w a s  th o u g h t l ik e ly  th a t a co rre c tio n  
s y s te m  s im ila r  to tha t d e v e lo p e d  fo r  m o th e rs  w o u ld  e lim in a te  m uch of the  
e r r o r .  It w as then  fo u n d , h o w e v e r ,  th a t the s im p le  e x p e d ie n t o f using  
th e  h ig h  c h ild  m o rta lity  w e ig h ts  w as an even  b e t te r  c o r re c t io n . T h e re  is
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no n eed , th e re fo r e ,  to w o r r y  about th e  e ffect o f beta on a f in a l es tim ate  
so long as the reco m m end ed  p ro c e d u re  for h ig h  c h ild  m o rta lity  has been  
fo llo w e d . T h is  sug ges ts  tha t a lot o f th e  e r r o r  in tro d u c e d  b y  chan ges  in  
the va lu e  o f b e ta  a r is e s  from  the use o f  an in a p p ro p r ia te  e s tim a tin g  e q u a tio n .
3 .1 9  E r ro rs  in  the E s tim ate  of B e ta .
C a lc u la tio n s  w e re  c a rr ie d  o u t, in  ju s t the  same w ay as fo r m o th e rs , to 
f in d  out how la rg e  an e r r o r  in the f in a l  estim ate  o f beta w as in tro d u c e d  by  
the a p p ro x im a te  n a tu re  o f the c o rre c tio n s  fo r  c h ild  and a d u lt  m o r ta lity .  
P ro p o rtio n s  in  each o f the  age g ro u p s  1 5 to 1 9 to 40 to 44 w e re  c a lcu la te d  
from  the tru e  w e ig h ts , and the a p p ro x im a te  w e ig h ts  w e re  then  a p p lie d  to 
these to e s tim a te  b e ta . T h e  re s u lts  a r e  su m m arized  in T a b le  3 .1 8 .
T a b le  3 .1 8 : E stim ates  o f Beta u s in g  A p p ro x im a te  W e ig h ts .
Beta = 0 . 8  B eta = 1 .3
F ir s tb ir th
Mean
' ( 2 )
= 650 1( 2 ) = 9 0 0 ' ( 2 )
= 650 I (2 ) = 9 0 0
a b a b
24 0 .7 9 6 0 .789 0 .7 99 1 .309 1 .2 9 8 1 .305
29 0 .7 9 5 0 ,792 0 .8 00 1 .332 1 .3 0 0 1.291
It w il l  b e  seen th a t  fo r each v a lu e  of b e ta , th e re  a re  two co lu m n s, a 
and b , fo r  an I ^  o f 650. C o lum n  a show s the estim ate  obta ined  
u s in g  the  lo w  m o r ta l i ty  w e igh ts  a n d  e s tim atin g  e q u a tio n , co lum n b the  
estim ate o b ta in e d  u s in g  the h ig h  m o rta lity  w e ig h ts  and e s tim a tin g  eq u a tio n . 
It can be s e e n  th a t b o th  g iv e  re a s o n a b le  re s u lts  fo r a b eta  o f 0 .8 .  F o r a beta  
of 1 . 3 , h o w e v e r , th e  resu lts  in co lum n b a re  much b e tte r  than  those in  
colum n a ; a lso , th e  fina l e s tim a te  of 1 .3 0 9  fo r a f ir s t  b ir th  m ean of 24
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u s in g  th e  low m o rta lity  w e ig h ts  is m is le a d in g , s in c e  it is the a v e ra g e  o f  
some v e r y  e r r a t ic  e s tim a te s , d if fe r in g  fro m  the t r u e  v a lu e  o f 1 .3  b y  as m uch  
as 0 .0 5 .
T h e  m ethod seem s to be fa i r ly  ro b u s t fo r  a c o n s id e ra b le  ra n g e  o f m o rta lity  
le v e ls  a n d  p a tte rn s . It  w o u ld  o f cou rse  be n ice  to have  a m ethod w ith  no  
b u ilt  in  e r r o r  o f th is  s o rt, b u t i f  the im p ro v e m e n t in  the a c c u ra c y  o f the  
data is  g re a te r  th a n  the e r r o r  in tro d u c e d  b y  the  m ethod , a net g a in  re s u lts .  
T h e  d a ta  so fa r  c o lle c ted  a re  c r i t ic a l ly  e x a m in e d  in  C h a p te r  5 to see w h e th e r  
th e y  ju s t i f y  the th e o re tic a l e r r o r s  o f the m eth o d .
T h e  s itu a tio n s  ex a m in e d  above h av e  a ll b e e n  fo r v a lu e s  o f beta a w a y  
fro m  its  c e n tra l v a lu e , and  the  es tim ates  h ave  a l l  in c lu d e d  e r r o r  in tro d u c e d  
by tw o  fa c to rs , b e ta  and th e  c o rre c tio n  fo r  c h ild  m o rta lity . F o r a b e ta  o f 
1 . 0 , o n ly  the e r r o r  due to th e  c h ild  m o rta lity  c o rre c t io n  w il l  be p re s e n t .
T h is  e r r o r  is  n o t s e rio u s  in  p ra c tic e , a n d  the  e s tim a te  o f beta  w ill  u s u a lly  
be c lo s e r  to its  t ru e  v la u e  th a n  the es tim ates  in  cases w h e re  the tru e  v a lu e  
o f b e ta  is fu r th e r  a w a y  fro m  the c e n tra l v a lu e , g iv e n  the  same mean and
' ( 2 ) *
3 .2 0  E s tim a tin g  the  F ir s tb ir th  M ean fo r  M a le s .
T h e  m ean age a t f ir s t  b ir th s  to fa th e rs  in  th e  s tab le  p op u la tio n  is 
u se d  fo r  f it t in g  the  model to an ac tu a l p o p u la tio n  for s e le c tin g  w e ig h ts .
It  h a s  a lre a d y  b een  p o in te d  o u t, h o w e v e r , th a t  in fo rm atio n  on m ale f e r t i l i t y  
is n e v e r  c o lle c te d . T h e re  is a p ro b le m  abo ut how  to c a lc u la te  the f i r s t  b ir th  
m e a n , i f  it c a n n o t be o b ta in e d  d ir e c t ly .  T h e  sam e p ro b le m  a p p lie s  to the  
a ll b ir t h  case , to o , and h as  g e n e ra lly  been  m e t b y  u s in g  m a rr ia g e  d a ta , 
b u t th is  has n e v e r  re a lly  been v e r y  s a t is fa c to ry . T h e re  is some reaso n  to 
sup p o s e  that d a ta  on p ro p o rtio n s  m a rr ie d  b y  age w ill be a m ore s a tis fa c to ry  
m e a s u re  fo r f i r s t  b ir th s  th a n  fo r a ll b ir th s .  T h e  p ro p o rtio n  e v e r m a r r ie d
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d is t r ib u t  un is a cu m u la tio n  o f the f i r s t  m a rr ia g e  fu n c tio n ; i t  is  unaffected  
b y  re m a rr ia g e s  and  b y  p o ly g a m y , and the  f i r s t  b ir th  fu n c tio n  is lik e ly  to be 
in d e p e n d e n t o f these too. I f  a l l  m a rr ia g e s  a re  re p o r te d  in  the  sam e w ay b y  
b oth  p a r tn e r s ,  the  mean le n g th  of tim e b etw een  m a rr ia g e  and  f i r s t  b ir th  w il l  
be the  sam e fo r both  m ales a n d  fem a les , e x c ep t w h e re  e ith e r  p a r tn e r  d ies  o r  
th e  m a rr ia g e  d is s o lve s  b e fo re h a n d . T h e  d if fe re n c e  betw een  th e  mean age at 
f i r s t  m a r r ia g e  fo r  m ales a n d  fo r  fem ales sho u ld  be v e r y  s im ila r  to the 
d if fe re n c e  betw een  the m ean age at f i r s t  b ir th  fo r  m ales  and f o r  fem ales.
T h u s  i f  th e  m ean age at f i r s t  m a r r ia g e  can be com puted  for b o th  sexes, an 
es tim a te  o f  the m ean age a t f i r s t  b ir th  fo r m ales can  be o b ta in e d  by a d d in g  
the  d if fe re n c e  b etw een  th e  tw o  to the f i r s tb ir th  m ean fo r fe m a le s . T h e  mean  
age at f i r s t  m a rr ia g e  can be ro u g h ly  es tim ated  v e r y  e a s ily . T h e  p ro p o rtio n  
e v e r  m a r r ie d  in  an age g ro u p  is c o n s id e re d  as b e in g  the p ro p o rt io n  e v e r  
m a rr ie d  a t the c e n tra l p o in t o f the age g ro u p . E ach  p ro p o rt io n  m a rrie d  is  
s u b tra c te d  from  the p re v io u s  one to estim ate  a f i r s t  m a r r ia g e  ra te  from  one 
c e n tra l p o in t to the n e x t. T h e  f ir s t  age g ro u p  w il l  thu s  be 1 5 to 17$, the  
second 17$ to 22$ , and so o n . T h e  p o p u la tio n  in  each  o f th e s e  age g ro u p s  can 
then  be e s tim ated  from  the  re p o rte d  age d is tr ib u t io n  u s in g  a g e  s p littin g  
c o e ffic ie n ts  such as those o f C a r r ie r  and H o b c ra ft (1971) . T h e  num ber o f  
m a rr ia g e s  at each age can be c a lcu la te d  from  the estim ated  m a rr ia g e  ra tes  
and the p o p u la tio n  mean ag e  at f i r s t  m a rr ia g e  can  be o b ta in e d  from  these  
n u m b e rs . T h is  is a c ru d e  p ro c e d u re , b u t it does g iv e  an a g e  d is tr ib u tio n  
w e ig h te d  f ir s t  m a rr ia g e  m e a n , m ore c lo s e ly  re la te d  to the re q u ir e d  f ir s t  
b ir th  m ean than  the s in g u la te  mean age at m a r r ia g e  (H a jn a l , 1953) .
T h is  m ethod shou ld  g iv e  a reaso n ab le  e s tim a te , as lo n g  as e x tra -m a r ita l  
f irs t  b ir th s  a re  not v e r y  fre q u e n t  ( th e y  a re  o f c o u rs e  l ia b le  to be m ore common 
than  e x tr a -m a r i ta l  second  o r  sub s e q u e n t b ir th s )  . I f  e x tr a -m a r ita l  b ir th s  a re  
v e r y  f re q u e n t , it is h a rd  to see how  m a rr ia g e  d ata  cou ld  h e lp  in es tim ating  
the m a le  f i r s t  b ir th  m e a n . It  is h a rd  to see a lso  w h a t o th e r d a ta  a re  a v a ila b le
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w h ic h  c o u ld  in  a n y  w a y  h e lp . F o r a ll b ir th s ,  the m ean age o f c h ild b e a r in g  in  
the  s ta b le  p o p u la tio n  is v e r y  s im ila r  to  the  mean le n g th  of g e n e ra tio n  
(C o a le , 1972) and th is  m ig h t be som e h e lp ,  b u t it  is o f no h e lp  w h a te v e r  fo r
f i r s t  b ir t h s .
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C H A P T E R  FO U R
E s tim a tin g  A d u lt  M o r ta lity  fro m  In fo rm atio n  o f W id o w h o o d .
4 .1  In tro d u c t io n .
T h e  a n a ly s is  o f  in fo rm atio n  on w id o w h o o d , o r  w id o w e rh o o d , to  
es tim ate  a d u lt  m o r ta l i ty  has some a p p a re n t a d v a n ta g e s  o v e r  the  a n a ly s is  
o f in fo rm a tio n  on o rp h a n h o o d . T h e  m a rr ia g e  fu n c tio n  is m uch  m o re  com pact 
w ith  a lo w e r v a r ia n c e ,  than  a n y  a ll c h ild re n  f e r t i l i t y  fu n c tio n , th u s  re d u c in g  
the  im p o rtan c e  o f p o s s ib le  d e v ia tio n s  from  m o d e l assu m p tio n s . T h is  is 
s im ila r  to one o f th e  advan tag es  o f a n a ly s in g  o rp h a n h o o d  re p o rts  o f  e ld e s t  
s u r v iv in g  c h i ld r e n  a lre a d y  m en tio ned  in  C h a p te r  3 , w ith  the a d d itio n a l  
a d v a n ta g e  o f no t in v o lv in g  a d o u b tfu l c o r re c t io n  fo r  the le v e l o f m o r ta l i ty .  
T h e  w e ll kn o w n  p ro b le m  o f b e in g  ab le  to p la c e  no re lia n c e  on re p o r ts  o f 
o rp h a n h o o d  fo r  re s p o n d e n ts  u n d e r  the age o f 2 0 , because o f a b ia s  th o u g h t 
to be d u e  to the  ad o p tio n  o f o rp h a n e d  c h i ld r e n  b y  re la te d  fa m ilie s , is not 
p re s e n t in  the a n a ly s is  o f w id o w h o o d . A lth o u g h  re m a rr ia g e s  m ay in tro d u c e  
some m is - r e p o r t in g , it shou ld  be p o ss ib le  to o b ta in  estim ates  fro m  re p o rts  
of y o u n g  a d u lts , w ho  w ill not h ave  been m a r r ie d  lon g , w hose e x p o s u re  to 
r is k  o f w id o w h o o d  is s h o rt, and whose w id o w h o o d  e x p e r ie n c e  th u s  re fle c ts  
v e r y  re c e n t m o r ta l i ty  le v e ls .
O th e r a d v a n ta g e s  re la te  s p e c if ic a lly  to t h e  es tim atio n  of m ale m o rta lity .  
W hen u s in g  o rp h a n h o o d  d a ta , the e s tim a tin g  m odel has to be f itte d  b y  the  
m ean age o f c h iId b e a r in g  to fa th e rs  in the p o p u la t io n . T h is  can n e v e r  be 
d ir e c t ly  e s tim a te d  because in fo rm atio n  on b ir t h s  in  the p re c e e d in g  12 m onths  
b y  age o f fa th e r  is  n e v e r a v a ila b le . (R e ce n t a ttem p ts  to o b ta in  an estim ate  
of th is  b y  ta b u la t in g  b ir th s  in the p re c e e d in g  12 m onths to a ll w om en by  
age o f h u s b a n d , w hen  the w om an and h e r h u s b a n d  w e re  re c o rd e d  as l iv in g  
to g e th e r , h av e  n o t g iv e n  s a tis fa c to ry  r e s u lts )  . T h e  m ale  mean h as  u s u a lly
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b ee n  es tim ated  b y  a d ju s tin g  th e  d ire c tly  e s tim a te d  fem ale m ean by  some 
am o un t d e r iv e d  from  an a n a ly s is  o f the m ale and  fem ale f i r s t  m a rr ia g e  fu n c tio n s . 
T h e  m e rits  and  d em erits  o f t h is  p ro c e d u re , and a suggested  w ay  of m a k in g  
th e  c a lc u la tio n s , a re  d is c u s s e d  at the end of C h a p te r  3, and it is s u ff ic ie n t to 
s a y  h e re  th a t it cannot be re g a rd e d  as a lto g e th e r  s a tis fa c to ry . T h e  a n a ly s is  
o f  w idow hood  d a ta , h o w e v e r, s u ffe rs  from  no s u c h  d is a d v a n ta g e , s in c e  the  
m a rr ia g e  d is tr ib u t io n  is w h a t is re q u ire d  fo r f i t t in g  p u rp o se s , and th is  is 
n o rm a lly  a v a ila b le  from  c e n s u s  o r  s u rv e y  s o u rc e s . A n o th e r m in o r p o in t  is 
th e  c o n s id e ra tio n  that a w id o w  is at least l ik e ly  to know w ho h e r h u sb an d  w as , 
w h e re a s  in the confused s o c ia l context asso c ia ted  w ith , s a y , ra p id  u rb a n is a tio n  
i t  m ig h t be q u ite  common fo r  a c h ild  to have n o  idea of its  fa th e r 's  id e n t ity .
Some s e rio u s  prob lem s a r e  in v o lv ed  in the  a n a ly s is  o f w idow hood  
in fo rm a tio n . F ir s t ,  the in fo rm a tio n  may be s e r io u s ly  d is to rte d  by re -m a r r ia g e s ,  
and  to a vo id  the th e o re tic a l p ro b lem s  in v o lv e d  in  th is  the data  co llec ted  m ust 
re la te  to the  s u rv iv a l o f th e  f i r s t  spouse, th o u g h  such a lim ita tio n  m ay  
in tro d u c e  data  a c c u rac y  p ro b le m s . Second, m a r r ia g e  data tend  to be re g a rd e d  
w ith  su sp ic io n  b y  m any d e m o g ra p h e rs , e s p e c ia lly  for a reas  w h e re  the  
m a jo rity  o f 'm a r ita l' un ions a re  p oss ib ly  te m p o ra ry  consensual u n io n s , on 
the  g ro u n d s  tha t the w e s te rn  concept o f m a r r ia g e , im p lic it  in  the q u e s tio n s  
a s k ed , is not understood  b y  the people b e in g  s u rv e y e d , and that the  
d e fin it io n s  a re  im p oss ib ly  im p re c is e . T h e  r e g u la r  excess of c u r r e n t ly  
m a rrie d  fem ales o v e r c u r r e n t ly  m a rrie d  m ales rep o rte d  by censuses u n d e r lin e s  
the e r r o r s  in the d a ta . H o w e v e r ,  these c o n s id e ra tio n s  need not be v e ry  
im p o rtan t as long as any p a r t ic u la r  in d iv id u a l is consisten t in h is  re p lie s ,  
fo r in s tance  not re p o rtin g  h im s e lf  as s in g le  an d  w ith  f i r s t  w ife  d e a d , and  
as long as a h ig h  p ro p o r t io n  o f a ll un ions a r e  in c lu d e d , so as to a v o id  a 
poss ib le  social b ias  in  th e  selection  o f spouses from  all men o r a ll w om en. 
T h ir d ,  in  a socie ty  w h e re  un ions tend to be ra th e r  u n s ta b le , th e re  is a 
s u b s tan tia l r is k ,  that in c re a s e s  w ith  the tim e e lapsed  s ince  f irs t  m a r r ia g e ,
94
th a t a re s p o n d e n t w il l  not k n o w  w h e th e r h is  o r  h e r  f i r s t  m a rr ia g e  p a r tn e r  
is s t i l l  a l i v e .  T h e  fo u rth  p ro b le m  is posed b y  e x p o s u re  to r is k .  In  th e  
case o f o rp h a n h o o d , the e x p o s u re  to r is k  o f m a te rn a l o rp h an h o o d  is e q u a l to 
the  age o f  th e  re s p o n d e n t, a n d  o f p a te rn a l o rp h a n h o o d  is e q u a l, as an  
adeq ua te  a p p ro x im a tio n , to th a t  age p lu s  th re e  q u a r te rs  o f a y e a r  fo r  the  
fem ale g e s ta tio n  p e r io d . No su c h  s im p le  re la t io n s h ip  e x is ts  w ith  w id o w h o o d , 
u n le s s  th e  p ro p o rtio n  w id o w e d  can be ta b u la te d  b y  tim e  e lap sed  s in c e  f ir s t  
m a r r ia g e .  F a ilin g  th is , an a n a ly s is  o f w ido w ho od  d a ta  tab u la te d  b y  age  
g ro u p  o f  re s p o n d e n t w ill  h a v e  to tak e  in to  accou nt th e  m ale m a rr ia g e  
d is t r ib u t io n ,  w h ic h  w ill d e te rm in e  the w idow hood  p ro b a b ilit ie s  fo r g iv e n  
e x p o s u re s  to r is k  o f w id o w h o o d , and  the  fem ale  m a rr ia g e  d is t r ib u t io n ,  
w h ic h  w i l l  d e te rm in e  the e x p o s u re  to r is k  s tru c tu re  w ith in  each age  g ro u p .  
Such a m e th o d  becom es r a th e r  co m p lic a ted , and  in  a p p lic a tio n  it  re q u ir e s  
f it t in g  b y  two p a ra m e te rs , o n e  fo r each m a rr ia g e  d is t r ib u t io n .
Som e o f these a d v a n ta g e s  and d is a d v a n ta g e s  a re  th e o re tic a l, a n d  some 
a re  c o n c e rn e d  w ith  d a ta . T h e  fo rm e r w il l  be d is c u s s e d , and  th e ir  im p o rtan c e  
a s s e s s e d , in  th is  c h a p te r , b u t  the la tte r  w il l  be in v e s tig a te d  in th e  n ex t  
c h a p te r ,  w hen  the  m ethod d e v e lo p e d  is a p p lie d  to re a l d a ta .
4 .2 .  P ro p o r t io n s  W idow ed  b y  D u ra tio n  of M a r r ia g e .
E s t im a tin g  p ro p o rtio n s  w id o w e d  of f i r s t  spouse b y  d u ra tio n  of m a rr ia g e  
(o r r a t h e r  tim e e lapsed  s in c e  f i r s t  m a rr ia g e )  is an exact p a ra lle l o f  
e s t im a tin g  p ro p o rtio n s  o rp h a n e d  b y  ag e . S ta r t in g  w ith  w id o w h o o d , le t the  
n u m b e r o f m ales aged t a y e a rs  ago be A ( t )  . I f  the d is t r ib u t io n  of 
m ale m a r r ia g e s  to s in g le  w om en b y  age is d e s c r ib e d  by  fu n c tio n  f ( t ) ,
the n u m b e r  o f m ales m a r r y in g  a y e a rs  ago w il l  be
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A  (t) f ( t )  d t
c
/ .
w h e re  p a n d  q a re  the  e a r lie s t  a n d  la tes t ages a t w h ic h  m ales m a r r y .  
T h e  p r o b a b i l i ty  o f s u r v iv in g  from  e x a c t age t to e x a c t  age t + a is 
I / •  * so the p ro p o rtio n  o f the  w om en in v o lv e d  in  the m a rr ia g e s  not
w id o w e d  a f t e r  a y e a rs  o f m a r r ia g e  is
p (a)
/
q A  (t) f ( t )  1 (t+a ) d t 
P_____________ * (t)
j  A ( t )  f ( t )  d t  
P
In  a s ta b le  p o p u la tio n , the  n u m b e r o f m ales aged t a y e a rs  ago can be 
d e s c r ib e d  in  te rm s  o f th e  m o rta lity  s c h e d u le  and th e  ra te  o f p o p u la tio n  
g ro w th , so tha t
A  (t) k e ' r * I ( t)
so the p ro p o r t io n  of w om en w hose f i r s t  husban ds  w i l l  s till  be a liv e  a fte r  
e x a c tly  a y e a rs  is
(4 . 1)  P (a )
<
/
q - r t
e f ( t )  I (t+a)
dt
/ e r t  f i t ) (0 d t
w h ic h  is  e x a c t ly  e q u iv a le n t  to eq u a tio n  3 .1 ,  w ith  th e  s u b s titu tio n  o f a 
m a r r ia g e  fun c tio n  fo r a f i r s t  b ir th  fu n c tio n , and tim e  e lapsed  s ince  f i r s t
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m a rria g e  fo r  age o f f irs tb o rn  c h ild .  S uch  p ro p o rtio n s  w ith  f irs t  husbands  
s t il l  s u r v iv in g  cou ld  be s im p ly  w e ig h te d  to g iv e  p ro p o rtio n s  fo r f iv e  y e a r  age 
g ro u p s , as d e s c r ib e d  in section  3 .8 ,  and a set o f w e ig h ts  d e r iv e d  fo r c o n v e rtin g  
such e m p ir ic a l ly  o b s e rv e d  p ro p o rtio n s  into  life  tab le  s u r v iv o rs h ip  p ro b a b ilit ie s  
as d e s c r ib e d  in sectio n  3 .9 .
A  m ethod  based on these re la t io n s h ip s  w ou ld  be s im p le  to p ro d u ce , and  
th e o re tic a lly  s a tis fa c to ry  because o f the  sm all v a ra n c e  o f the m ale m a rria g e  
d is t r ib u t io n . H o w e v e r , any  a ttem p t to co llec t data  on tim e  e lapsed  s ince  f irs t  
m a rria g e  w o u ld  a lm ost c e r ta in ly  be v a in  in the a re a s  w h e re  such a method  
w ou ld  f in d  its  a p p lic a t io n . In m ost s ta t is tic a lly  u n d e rd e v e lo p e d  c o u n tries  
age re p o r t in g  is g ro s s ly  in a c c u ra te , so it w ou ld  be u n rea s o n a b le  to expect 
acc u ra te  re p o r t in g  o f one p a r t ic u la r  p e r io d  o f th a t a g e . A ttem pts to date events  
t r ie d  fo r in s tan ce  in  the co llec tio n  o f  m ig ra tio n  d a ta , h a v e  ra r e ly  p ro ve d  a 
success, and  the 20 p e r  cent o r  m o re  e r r o r  com m only found  in  the re fe re n c e  
p e rio d  fo r  a q u es tio n  on b ir th s  in  th e  last 12 m onths g iv e s  p o w e rfu l co n firm ation  
of the p ro b lem s  in v o lv e d  (B rass  e t a l . ;  1968) .
9 .3  P ro p o rtio n s  W id ow ed  b y  A g e  o f R espondent
T h e  hope o f d e v e o p in g  a u s e fu l m ethod of a n a ly s in g  w idow hood data by  
d u ra tio n  o f m a rr ia g e  has to be ab o n d o n e d , and if  an y  a n a ly s is  of in fo rm ation  
on w idow hood  is to be feas ib le  it w i l l  have  to use some o th er p ro x y  fo r exp o su re  
to r is k .  T h e  o b v io u s  f irs t  cho ice  fo r  such a p ro x y  is a g e , s ince it is a v a r ia b le  
by w h ic h  alm ost a ll s u rv e y  m a te r ia l is ta b u la te d , and s ince  it is c le a r ly  re la ted  
in some w a y  to the  tim e e lapsed  s in c e  f ir s t  m a rr ia g e  th ro u g h  the d is tr ib u tio n  
o f f ir s t  m a rr ia g e s  b y  ag e . F o r the  sake o f c la r i t y ,  the  d iscussion  that follow s  
w ill be lim ite d  to w idow hood  re p o r ts  o f fem ales , th o u g h  w idow erhood  rep o rts  
of m ales cou ld  be s u b s titu te d  th ro u g h o u t.
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In  a g ro u p  of N w om en c u r r e n t ly  ag ed  e x a c tly  a , and  s u b je c t  to 
an ag e  at m a r r ia g e  fu n c tio n  f ( t ) , the  n u m b e r o f w om en c u r r e n t ly  m a r r ie d ,  
in  th e  absen ce  of m o r ta l i ty  and d iv o rc e , is
f i t )  d t
w h e re  p is the e a r l ie s t  age a t w h ic h  m a rr ia g e s  o c c u r. T h e  n u m b e r  o f w om en  
w ith  th e  lo n g e s t e x p o s u re  to r is k  o f w id o w h o o d  w il l  be those w h o  m a rr ie d  
f i r s t ,  and  th e y  w i l l  n u m b e r
n ( a - p - l )
= N/
p+1
f i t )  d t
th e  d u ra t io n  o f m a r r ia g e  b e in g  a -p -1  com pleted  y e a rs , a s s u m in g  p to be 
an  in te g e r .  T h e  p ro p o rt io n  o f e v e r  m a r r ie d  w om en aged  a h a v in g  a 
d u ra t io n  o f m a r r ia g e  a -p -1  co m ple ted  y e a rs  is thus
Q (a -p -1 )  =
/
p+1
f i t )  d t
f f i t )  d t
a n d  s im ila r  p ro p o rt io n s  fo r s h o rte r  d u ra tio n s  can be w o rk e d  out in ju s t  
th e  same w a y .
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T h u s  it  is p o s s ib le  to w o rk  out the co m p o s itio n  by  e x p o s u re  to r is k  o f 
w id o w h o o d  o f e v e r  m a r r ie d  wom en o f any g iv e n  age . A p ro b a b il i ty  o f 
w id o w h o o d  b y  e x p o s u re  to r is k  could then b e  ca lcu la ted  as o u tlin e d  in  
s ec tio n  4 .2 ,  o r  d e s c r ib e d  in d e ta il fo r o rp h a n h o o d  in sectio n  3 .8 ,  and a p p lie d  
to  the p ro p o rtio n s  w ith  each e x p o s u re  to r is k  to estim ate the  in c id e n c e  of 
w id o w h o o d  fo r  those w om en. T h e re  is , h o w e v e r ,  one ra th e r  s e rio u s  p ro b le m  
in v o lv e d , n am e ly  th a t it  can not be assu m ed , and  indeed  is fa r  from  the 
c a s e , th a t men m a r ry in g  wom en of 15 a re  d is t r ib u te d  b y  age in the  same w a y  
as men m a r ry in g  w om en of 45 . To  in v e s tig a te  th is , c o h o rt m a rr ia g e  data  
a re  n eeded  to e lim in a te  age d is tr ib u t io n  e ffe c ts ,  and s u ita b le  sets o f data  
a re  few  and  fa r  b e tw e e n . One source of in fo rm a tio n  is th e  Ir is h  census of 
1911 (R e g is tr a r -G e n e r a l o f Ire la n d ; 1 9 1 3 ), w h ic h  in c lu d e s  a p p a re n tly  
s a tis fa c to ry  data on d u ra tio n  o f m a rria g e  ta b u la te d  by  age  of h usban d  and  
age of w ife  a t m a r r ia g e . It is thus p oss ib le  to  fo llow  th ro u g h  the s u rv iv o rs  
o f  a co h o rt o f m a r ry in g  m en, to o bta in  the a g e  spec ific  m a rr ia g e  rates fo r 
m ales m a r ry in g  fem a les  o f a g iv e n  age g r o u p .  T h e  d is tr ib u t io n s  obtained  
a re  s h o w n , fo r both  sexes , in T a b le  4 .6 .
T h e s e  d is tr ib u t io n s  p o w e rfu lly  s u p p o rt the e a r l ie r  a s s ertio n  that it  
cou ld  not be assum ed that one male age d is t r ib u t io n  at m a rr ia g e  could be 
a p p lie d  to a ll fem ale  age g ro u p s  at m a r r ia g e .  T h e  age d is tr ib u t io n  of m ales  
m a r ry in g  wom en 15 to 19 is p ra c tic a lly  th e  re v e rs e  o f th a t o f m ales m a rry in g  
wom en aged  45 to 49 . It is p e r fe c tly  p o s s ib le , if  som ew hat la b o rio u s , to 
c a lc u la te  s e p a ra te  w idow hood  p ro b a b ilit ie s  b y  e x p o s u re  to r is k  fo r each  
d if fe re n t  age d is tr ib u t io n  at m a rr ia g e . T h e s e  p ro b a b ilit ie s  cou ld  then be 
used w ith  the re le v a n t  p ro p o rtio n s  of w iv e s  b y  e x p o s u re  to r is k ,  to es tim ate  
the  o v e r a ll  p ro b a b il i ty  o f w idow hood fo r w om en  of a g iv e n  age g ro u p . M o re  
w ill  be sa id  about the d e ta ils  o f such a s y s te m  in sectio n  4 .1 1 .  It is 
s u ff ic ie n t to say h e re  that such a model w o u ld  be a h ig h ly  th e o re tic a l c o n s tru c t  
som ew hat rem oved  from  r e a li ty .  It w ou ld  b e  based on age at m a rria g e
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d is tr ib u t io n s  o bta ined  fro m  the 1911 census o f Ire la n d , a c o u n try  a t th a t 
stage b e in g  an e x tre m e  e xam p le  of w h a t has been  c a lle d  th e  E u ro p ean  
m a rria g e  p a tte rn  (H a jn a l;  1 9 6 9 ), w ith  m a rr ia g e s  o c c u r r in g  v e ry  la te , and  
a v e ry  h ig h  p ro p o rtio n  o f  the p o p u la tio n  not m a r ry in g  a t a l l .  T h is  
c o n s id e ra tio n  alone m a k e s  the in c lu s io n  o f I r is h  m a rr ia g e  p a tte rn s  in  a 
m ethod in ten d ed  fo r u s e  in  d ev e lo p in g  c o u n tr ie s  h ig h ly  q u e s tio n a b le .
L itt le  can be done to g e t  ro und  th is  p ro b le m , s ince  the s o r t  o f data  needed  
a re  ju s t  not a v a ila b le  f o r  any d e v e lo p in g  c o u n try .
T o  m ake any  f u r t h e r  p ro g re s s , a g ro ss  s im p lif ic a tio n  is n e e d e d . T h e  
g re a te s t p oss ib le  s im p lif ic a tio n  w o u ld  be to assum e th a t a ll  m ale and  fem ale  
m a rria g e s  a re  c o n c e n tra te d  at th e ir  m ean s , thu s  e lim in a t in g  the use of 
d is tr ib u t io n s  at a l l .  B o th  m ale and fem ale  m a rr ia g e  d is tr ib u t io n s  h av e  low  
v a ria n c e s  in most d e v e lo p in g  areas  (th o u g h  the m ale m a rr ia g e  p a tte rn  in  
p a rts  o f A fr ic a  is u n u s u a l in th is  re s p e c t) so such an a p p ro x im a tio n  w o u ld  
p erh a p s  not be too fa r  w ro n g . H o w e v e r , the  a p p ro x im a tio n  is m ore  
d ra c o n ia n  than  is r e q u ir e d ,  because the  c om bin a tio n  o f a d is tr ib u t io n  of 
m ale ages at m a rr ia g e  w ith  a f ix e d  fem ale  age  at m a r r ia g e  rem oves the  
n ec ess ity  fo r a w ho le  fa m ily  o f m ale m a rr ia g e  d is t r ib u t io n s .
9 .9  P ro p o rtio n s  W id o w e d  G iven  a F ix e d  F em ale  A ge a t M a r r ia g e .
If  a ll the wom en w h o  e v e r  g e t m a r r ie d  m a rry  f i r s t  a t exact age b , 
a wom an now aged e x a c t ly  a w il l  h ave  b een  expo sed  to the r is k  o f w id o w ­
hood from  f irs t  h u s b a n d  fo r e x a c tly  a -b  y e a rs . I f  th e  age d is tr ib u t io n  
o f the m ales m a r r y in g  h ith e rto  s in g le  fem ales  is d e s c r ib e d  b y  f ( t )  , 
the p ro p o rtio n  w id o w e d  am ongst the  fem ales  aged b , P ( b ) ,  w i l l  be
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P (b )
e ' r t f ( t )  ' ( t+ a -b )  d t
e r t  f ( t )  I d t
w h e r e  p  and  q a re  the age lim its  o f t .  G iv e n  a m a rr ia g e  fu n c tio n  
e v a lu a te d  fo r  s in g le  y e a r s ,  p ro p o rtio n s  w id o w e d  fo r in te rv a ls  o f s in g le  
y e a r s  can  be c a lc u la te d , and  these m ay  be s tr a ig h tfo rw a rd ly  w e ig h te d  to 
e s tim a te  the  p ro p o r t io n  w id o w e d  in  an  age g ro u p  o f w om en . C a re  has to 
b e  ta k e n , h o w e v e r , i f  a does not h ap p e n  to be the s ta r t in g  p o in t o f  a 
c o n v e n tio n a l f iv e  y e a r  age g ro u p in g . T h u s  th e re  is no p ro b le m  i f  a is
1 0 ,1  5 o r  2 0 , b u t i f  a is 17, fo r in s ta n c e , those aged 1 5 o r  16 in  the 1 5 
to  19 age  g ro u p  a re  n e ith e r  m a rr ie d  n o r  w id o w e d , and a re  thu s  le ft ou t 
a lto g e th e r ;  those aged  e x a c tly  17 a re  a ll m a r r ie d , b u t none a re  w id o w ed  
s in c e  th e ir  e x p o s u re  to r is k  is ze ro ; those aged  e x a c tly  18, 19 and 20 a re  
a l l  m a r r ie d ,  and  some w il l  be w id o w e d , th e ir  o v e ra ll n u m b e rs  d e c re a s in g  
w ith  th e  age d is t r ib u t io n .
T h e  o n ly  o th e r  p ro b le m  is the  n a tu re  o f the m ale m a rr ia g e  d is tr ib u t io n .  
S in c e  th e  q u e s tio n  re la te s  to the s u r v iv a l  o f f i r s t  h u s b a n d , the  m ale m a rr ia g e  
d is t r ib u t io n  n ee d e d  is not th a t o f m a le  f i r s t  m a r r ia g e s , b u t o f m ale  m a rria g e s  
to  p re v io u s ly  s in g le  fe m a le s . Data on age at m a rr ia g e  o f f i r s t  h usban d  by  
p re v io u s  m a r ita l s ta tu s  o f b r id e  a re  a v a ila b le  fo r  some c o u n tr ie s  p ro d u c in g  
c o m p re h e n s iv e  ta b u la tio n s  from  re a s o n a b ly  com plete  re g is tra t io n  o f 
m a r r ia g e s , fo r  in s ta n c e  fo r E n g la n d  and  W ales (A n n u a l re p o r ts  o f the  
R e g is t r a r -G e n e r a l)  , b u t th is  s o rt o f in fo rm atio n  is not a v a ila b le  fo r  
d e v e lo p in g  c o u n tr ie s . A ll th a t is n o rm a lly  a v a ila b le  fro m  censuses and  
s u r v e y s  is the  n u m b e rs  s in g le , le g a lly  m a r r ie d , c o n s e n s u a lly  m a r r ie d .
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d iv o r c e d , s e p a ra te d , and  w idow ed  b y  age g ro u p . T h e s e  s o rts  o f data a re  
o n ly  s u ita b le  fo r c a lc u la tin g  the age d is tr ib u t io n  o f m ales at f i r s t  m a r r ia g e .  
S in c e  th e re  is no in fo rm atio n  o f the re q u ir e d  s o r t  a v a ila b le  fo r  d e v e lo p in g  
c o u n tr ie s , a m ale f i r s t  m a rria g e  d is tr ib u t io n  has been used  in  the m o d e l. 
T h e  p oss ib le  e r r o r  in tro d u c e d  by  th is  w il l  be d iscu ssed  in  the c r it ic a l  
e v a lu a tio n  o f the  m ethod p resen ted  in  section  4 .1 1 .
4 . 5 . Model M ale  and  Fem ale F irs t  M a r r ia g e  D is tr ib u t io n s .
A n  e x c e lle n t d o u b le  expo nen tia l m odel o f fem ale f i r s t  m a rr ia g e  
d is tr ib u t io n s  has b een  deve lo ped  b y  C oale (C o a le , 1971; C o ale  and M c N e il, 
1972) . T h is  model g iv e s  an e x c e lle n t f i t  to a w id e  ran g e  o f e m p iric a l 
d is t r ib u t io n s , tho ug h  the m a rria g e  p a tte rn s  re v e a le d  b y  the  1971 census  
o f  In d ia  cou ld  not be b ro u g h t w ith in  th e  ra n g e  o f model v a lu e s  tab u la ted  
b y  C o a le . T w o  v a r ia b le s  a re  re q u ire d  fo r f it t in g  the m o d e l, one f ix in g  its  
a g e  lo ca tio n , and one d e te rm in in g  the  ra te  at w h ic h  m a rr ia g e s  o ccur  
th e re a f te r .  T h is  m akes the model r a th e r  ted iou s  to f i t ,  and  two v a r ia b le s  
is  m ore than  one w o u ld  w il l in g ly  in tro d u c e  in to  an a lre a d y  h ig h ly  s im p lifie d  
m odel such as th a t b e in g  d e v e lo p e d . It w ou ld  be p o s s ib le  to f ix  one v a r ia b le  
a t an a v e ra g e  v a lu e  fo r the sort o f c o u n tr ie s  the m ethod is in tended  fo r ,  
re ta in in g  o n ly  the  age location v a r ia b le .  H o w e v e r , it w as d ec id ed  to adopt 
a s im p le  p o ly n o m ia l m odel, in the same w a y  as was done w ith  f irs t  and  all 
b ir th  d is tr ib u t io n s . A n o th e r reason fo r ad o p tin g  th is  p ro c e d u re  is th a t a 
d is tr ib u t io n  is re q u ir e d  fo r male f i r s t  m a rr ia g e s  as w e ll as fem ale . C o a le 's  
m odel in  fact g iv e s  a v e ry  reaso nab le  f it  to m ost o f the m ale  m a rria g e  
d is tr ib u t io n s  s tu d ie d , though it in  no w ay  c la im s to be a b le  to do th is , b u t 
one o r tw o o f the  e m p ir ic a l d is tr ib u t io n s  fe ll o u ts id e  the tab u la ted  ra n g e  of 
C o ale 's  m o d e l.
T h u s  a s e a rc h  was made to f in d  two f a i r ly  s im p le  p o ly n o m ia ls , one fo r
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m a le , and  one fo r  fem a le , m a r r ia g e s , to re p re s e n t th e  m ain  fe a tu re s  o f a w ide  
ra n g e  o f f i r s t  m a r r ia g e  d is tr ib u t io n s  fro m  d e v e lo p in g  c o u n tr ie s , w h ils t  re ta in in g  
c o n v e n ie n c e  o f m a n ip u la tio n . T h e  s e a rc h  fo r  s u ita b le  fu n c tio n s  w as not v e ry  
e x h a u s t iv e ;  as soon as one w ith  ro u g h ly  the r ig h t  shap e  and d is p e rs io n  was  
fo u n d , it w as a c c e p te d . W ith  so m an y  o th e r  assu m p tio n s  im p lic it  in the a p p ro a c h ,  
the  s e a rc h  fo r a to ta lly  s a tis fa c to ry  fu n c tio n  w o u ld  h av e  been  a w aste  o f tim e .
T h e  fu n c tio n  adopted  fo r fem ale  m a rr ia g e s  w as
$  4
f (t) = t (30—t)
a fu n c tio n  h a v in g  a v e r y  e a r ly  p e a k , w ith  h a lf  the  w om en m a rr ie d  o n ly  5 i 
y e a r s  a fte r  e a r l ie s t  m a r r ia g e s , and  90 p e r  cen t m a r r ie d  a fte r  1 2 j y e a rs .
V a r io u s  e m p ir ic a l fem ale  f i r s t  m a r r ia g e  fu n c tio n s  a re  show n in T a b le
4 .1  ( a ) , each w ith  a set o f c o m p a ra b le  m odel v a lu e s , f itte d  b y  the m ean. T h e  
e x a m p le s  w e re  se lec ted  to g iv e  a w id e  g e o g ra p h ic a l,  and hence h o p e fu lly  
s o c ia l,  s p re a d , w ith  one p o p u la tio n  fro m  m a in la n d  A s ia , one from  East 
A f r ic a ,  one fro m  L atin  A m e r ic a , and  one from  the  P a c if ic . It  is c le a r  tha t  
m a rr ia g e  p a tte rn s  do v a r y  s u b s ta n tia lly ;  th e re  is p ra c t ic a lly  a fo u r y e a r  
d if fe re n c e  b etw een  the  e a r l ie s t  m ean and  the  la te s t m ean , and  the h ig h es t  
v a r ia n c e  is tw ic e  the low est v a r ia n c e . T h e r e  a re  o b v io u s  p o in ts  of 
s im ila r i t y  tho ug h; v i r tu a l ly  a ll those w ho e v e r  m a r r y  a re  m a rr ie d  by  the 40 
to 44  age g ro u p , w ith  the  b u lk  o f m a r r ia g e s , a lw a y s  m ore than  85 p e r cen t, 
o c c u r r in g  b y  the  late 2 0 's . T h u s  a ll the  f i r s t  m a r r ia g e  d is tr ib u t io n s  a re  
n a r r o w , not m ore than  25 o r  30 y e a r s ,  a ll a re  re la t iv e ly  s k e w e d , most of 
th e  d is tr ib u t io n  com ing  in the  f i r s t  th ir d  o f the  ra n g e , and a ll have  fa ir ly  
lo w  v a r ia n c e s . T h e  K o re a n  ex a m p le  takes  a ll th ese  fea tu re s  to an e x tre m e , 
a n d  is v e r y  m uch the odd one out o f the  fo u r . T h e s e  common fea tu res  a re  
v e r y  m uch th e  p r in c ip a l fe a tu re s  o f the  m odel d is tr ib u t io n  as w e ll .  T a b le
4 .1  (a) show s th a t the m odel fits  the  C o lu m b ia n  data  v e r y  w e l l ,  even  h a v in g  
th e  same v a r ia n c e . Its f i t  to the o th e r  th re e  d is tr ib u t io n s  is not so s a tis fa c to ry
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-  it  w o u ld  be im p oss ib le  to f in d  a one p a ra m e te r model to f i t  both the K orean  
and  the  C o lu m b ia n  data -  b u t in  term s o f v a r ia n c e  and age g ro u p  b y  age  
g ro u p  co m p ariso n s  it does seem  to re p re s e n t s u c c e s s fu lly  a m id d le  o r  
a v e ra g e  c a s e . T h e  o n ly  s e rio u s  re s e rv a tio n  concerns the  re p e a te d  o v e r ­
e s tim a tio n  o f th e  p ro p o rtio n  m a rr ie d  in  the 15 to 19 age g r o u p .  T h is  cou ld  
re s u lt  fro m  p o o r f itt in g  i f  the  m ean w e re  an in e ffic ie n t p a ra m e te r  fo r f ix in g  
p u rp o s e s , b u t cou ld  a lso  re s u lt ,  and th is  seems m ore l i k e ly ,  from  the fac t 
th a t the  m odel d is tr ib u t io n  is con vex  up  to and beyond th e  m ode, w h e re a s  
the o b s e rv e d  fun c tio ns  m ay w e ll s ta r t  concave and not becom e con vex  u n til  
s h o r t ly  b e fo re  the  m ode.
T h e  fu n c tio n  adopted fo r  the m ale f i r s t  m a rria g e  d is t r ib u t io n  w as ra th e r  
s im i la r ,  b e in g
f i t )  = t *  (3 0 —t ) 3 .
T h is  d is tr ib u t io n  has the same ra n g e , 30 y e a rs , as th a t fo r  fem ales , b u t is 
s l ig h t ly  less s h a rp ly  p ea k e d  and h e a v ily  s k e w e d , the m ean  being  8 .3  y e a rs  
a f te r  the s ta r t  o f m a r r y in g , com pared  w ith  6 .3  y e a rs  fo r  fem ales . H a lf  the  
m en w ho e v e r  m a rry  a re  m a rr ie d  a fte r  ra th e r  less than  7 i  y e a rs , and 90 p e r  
c e n t a re  m a r r ie d  a fte r abo u t 1 5 i  y e a rs .  T h e  model has b e e n  f itte d , as b e fo re , 
to the  m a rr ia g e  data fo r  the  same fo u r c o u n tr ie s , and th e  re s u lts  a re  shown  
in  T a b le  4 .1  (b ) . T h e  m odel does not f it  any  o f the ca s es  v e r y  w e ll ,  b u t it 
o b v io u s ly  occu p ies  the  m id d le  g ro u n d  b etw een  the e x tr e m e ly  s h a rp  d is t ­
r ib u t io n  fo r  K o re a ,w ith  an e x tre m e ly  low  v a r ia n c e , a n d  the m uch m ore  gen tle  
d is t r ib u t io n ,  w ith  g re a te r  v a r ia n c e , re p o rte d  in the B r i t is h  Solomon Is la n d s . 
T h e  m odel has no o b v io u s  fa il in g s , h o w e v e r, and the d if fe re n c e s  betw een  it 
a n d  the a c tu a l va lu es  seem  to re s u lt  la rg e ly  from  f i t t in g  d e fic ie n c ie s , excep t 
in  the case o f the K o rean  d is t r ib u t io n , w h ic h  is not w e ll  es tim ated . T h e  fit  
is  b es t, p ro b a b ly , fo r K e n y a , w h e re  a ll the age g ro u p s  f it  re a s o n a b ly  w e ll,  
e x c e p t the  20 to 24 age g ro u p .
T a b le  4 .1  M a rr ia g e  D is tr ib u tio n s  F ro m  V a r io u s  C o u n tr ie s  and  
F itte d  Model D is tr ib u tio n s  .
A ge
C ro u p
P ro p o rtio n  of those m a r r ie d  45 to 49 m a r r ie d  b y  age g ro u p
K orea 1966 C o lom bia  1964 K enya 1969 B r it is h  Solomon  
Is la n d s  1971
A ctual Model A ctual M odel A c tu a l M odel A c tu a l Model
(a ) F em ales
15 to 19 .039 .099 .194 .226 .3 7 4 .484 .160 .209
20 to 24 .484 .545 .656 .652 .839 .805 .609 .638
25 to 29 .924 .838 .887 .886 .963 .948 .852 .880
30 to 34 .991 .960 .964 .976 .9 9 0 .992 .965 .973
35 to 39 .998 .995 1 .0 0 0 .997 .9 9 6 1 .0 0 0 .9 7 4 .997
40 to 44 .999 1 .000 1 .002 1 .0 0 0 1 .0 0 0 1 .0 00 1 .0 06 1 .0 0 0
45 to 49 1 .000 1 .000 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0
M ean 22 .83 2 1 .2 4 1 9 .1 0 2 2 .1 6
V a r ia n c e 1 2 .59 2 2 .19 2 1 .5 3 2 1 .5 3 1 4 .2 0 16 .42 2 6 .3 5 2 1 .8 7
(a p p ro x )
(b ) M a le s
1 5 to 19 .006 .010 .019 .006 .047 .044 .023 .002
20 to 24 .100 .249 .277 .231 .302 .364 .221 .200
25 to 29 .617 .607 .651 .591 .727 .691 .585 .561
30 to 34 .948 .844 .851 .835 .9 2 6 .890 .827 .818
35 to 39 .991 .959 .9 3 6 .955 .9 7 4 .976 .920 .949
40 to 44 .998 .995 .9 7 9 .994 1 .0 0 0 .998 .968 .993
45 to 49 1 .0 0 0 1 .000 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 00 1 .0 0 0
M ean 26.71 26. 50 2 5 .2 2 2 7 .4 7
V a r ia n c e 14. 84 3 1 .4 0 3 7 .3 5 3 1 .7 7 2 5 .5 7 3 0 .6 4 4 0 .3 6 3 1 .6 3
(a p p ro x )
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T h e  m odels p ro p o s e d  do not g iv e  n e a r ly  su c h  s a tis fa c to ry  f i ts  to the  
actu a l d is t r ib u t io n s  s tu d ie d  as does C o a le 's  tw o  p a ra m e te r  m odel fo r  fem a les . 
I f ,  h o w e v e r , th e  shap e  v a r ia b le  w e re  fix e d  in  C o a le 's  m o d e l, le a v in g  o n ly  a 
loca tion a l v a r ia b le ,  th e re  w ou ld  be n o  g re a t  a d v a n ta g e  to be o b ta in e d  from  
u s in g  i t .  In d e v e lo p in g  a m ethod o f a n a ly s in g  w id o w h o o d , th e re  cou ld  be no 
p o s s ib le  ju s t if ic a t io n  fo r u s in g  a tw o  p a ra m e te r  m a r r ia g e  m o d e l. T h is  w o u ld  
m e re ly  in c re a s e  th e  la b o u r in v o lv e d  in  a p p ly in g  the  m etho d , w h i le  the  
im p ro v e m e n t in a c c u ra c y  w o u ld  be t r iv ia l  in co m p ariso n  w ith  th e  e r ro rs  
in tro d u c e d  b y  o th e r ,  u n a v o id a b le  s im p lif ic a tio n s . T h e  s im p le  p o ly n o m ia ls  
d e s c r ib e d  re p re s e n t  the m ain  fe a tu re s  o f the o b s e rv e d  d is t r ib u t io n s , and  
th e ir  v a r ia n c e s  seem  to fa ll so m e w h e re  n e a r th e  c e n tre  o f the o b s e rv e d  ra n g e ,  
so th e y  can be a c c ep ted  as ad e q u a te  fo r the  p u rp o s e  in h a n d . It  w il l  be 
show n in  s e c tio n  4 .11  th a t the  m ethod  is not s e n s it iv e  to the e x a c t m a rr ia g e  
fu n c tio n  c h o s e n .
4 .6  M o r ta lity  P a t te rn  and  A g e  D is tr ib u t io n .
Some o f th e  p ro p e rt ie s  o f the  B ra s s  m odel life  tab le  s y s te m , and some 
of its a d v a n ta g e s  fo r use  in  th is  s o r t  o f a p p lic a t io n , have  a lre a d y  been  
m entioned  in  s e c tio n  3 .6 .  T h e  s y s te m 's  f le x ib i l i t y  and c o n v e n ie n c e  a re  a g a in  
p o w e rfu l a rg u m e n ts  in  its  fa v o u r , and th e re  is no reason  to ad o p t an 
a lte rn a t iv e  m o r ta l i ty  m odel in its  p la c e . T h e  b as ic  w ido w ho od  m ethod has 
been  w o rk e d  o u t  w ith  I ^  set a t  800 and  beta  set at 1 .0 ;  these  v a lu es  
a re  s o m e w h e re  n e a r the c e n tre  o f the ra n g e  l ik e ly  to be fou nd  in p op u la tio ns  
w h e re  these te c h n iq u e s  m ay f in d  an  a p p lic a t io n . T h e y  im p ly  an  exp ec ta tio n  
of life  at b i r t h  o f about 40 y e a rs .
Some s o r t  o f age d is tr ib u t io n  is re q u ir e d  fo r  the c a lc u la tio n s  of 
p ro p o rtio n s  w id o w e d  b y  e x p o s u re  to r is k ,  and  fo r  the c a lc u la tio n s  o f m ean  
e x p o s u re  to r is k  fo r each  age g r o u p .  A  s ta b le  p o p u la tio n  age d is tr ib u t io n
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has b een  used  in  equ atio n  4 .1 ,  and co n s is ten cy  re q u ire s  the use o f the  
same age d is tr ib u t io n  fo r the  la tte r  p urpo se  a ls o . O nce the m o rta lity  
sch e d u le  is f ix e d ,  o n ly  the in tr in s ic  ra te  o f n a tu ra l in c rease  is re q u ire d  
to d e te rm in e  the age d is tr ib u t io n . W ith  the m o rta lity  p a tte rn  s p e c ified  a b o v e , 
a total f e r t i l i t y  ra te  of 6 .0 ,  and  a fa ir ly  norm al age d is tr ib u t io n  o f f e r t i l i t y ,  
a p o p u la tio n  w o u ld  g ro w  at close to two p e r  c e n t p e r  annum , and  th is  v a lu e  
has b een  used in  the basic  ta b u la tio n s .
T h e  e ffects  o f m aking  d if fe re n t  assum ptions a re  d iscussed  in section
4 .9 .  It  is easy  to  t r y  out v a r io u s  le v e ls  o f m o rta lity  by v a ry in g  I j , 
and v a r io u s  age  p a tte rn s  o f m o rta lity , b y  v a r y in g  beta . A  v a r ie ty  o f 
co m bin atio ns  w e re  tr ie d  o u t, the age d is tr ib u t io n  v a ry in g  w ith  m o rta lity  
in  such  a w ay as  to rem ain  co n s is ten t w ith  a to ta l fe r t i l i t y  ra te  o f 6 .0 .
4 .7 .  C a lc u la t io n  of P ro p o rtio n s  W idow ed b y  A ge o f S pouse.
T h e  c a lc u la tio n  of p ro p o rtio n s  w ido w ed  b y  age of spouse fa lls  in to  tw o  
d is t in c t  p a r ts , one the c a lcu la tio n  o f the p ro b a b ility  o f w idow hood  b y  le n g th  
of e x p o s u re  to r is k ,  tha t is , tim e e lapsed  s in c e  f ir s t  m a r r ia g e , and the  
o th e r the  w e ig h tin g  of th e  c a lcu la ted  p ro b a b ilit ie s  into p ro p o rtio n s  w id o w e d  
in c o n v e n tio n a l fiv e  y e a r  age g ro u p s , g iv e n  a f ix e d  age of m a r r ia g e . T h e  
d is cu ss io n  w i l l  be conducted  in term s of fem ale  resp o n d en ts , tha t is , m a le  
m o rta lity , th o u g h  the o n ly  d iffe re n c e  fo r the tw o sexes is the m a rr ia g e  
d is t r ib u t io n . T h e  c a lc u la tio n  o f the p ro b a b ility  o f w idow hood  b y  e x p o s u re  
to r is k  is v e r y  s im ila r  to the c a lcu la tio n  o f o rp hanh oo d  am ongst f irs tb o rn  
c h i ld r e n ,  d e s c r ib e d  in section  3 .8 ,  bu t a b r ie f  account w il l  aga in  be g iv e n  
h e r e .
T h e  age a t f i r s t  m a rr ia g e  function  is in te g ra te d , and eva lu a te d  at 
s in g le  y e a r  p o in ts , in the  range p to q ,  p being  the age at w h ic h  f ir s t
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m a r ry in g  s ta r ts ,  and q , e q u a l to p+30 , b e in g  th e  age b y  w h ic h
it  is c o m p le te d . T h e  model v a lu e  c o rre s p o n d in g  to an ag e  s p e c ific  f ir s t  
m a rr ia g e  ra te  is o b ta in ed  b y  s u b tra c tin g  one v a lu e  o f th e  in te g ra l from  
th e  n e x t , so th a t
F (t) = J  f ( t )  d t
P
— f t
Each age s p e c if ic  f i r s t  m a r r ia g e  ra te  is then  m u lt ip lie d  b y  e to
a llo w  fo r  th e  e ffe c t o f p o p u la tio n  g ro w th  on the age d is t r ib u t io n .  T h e
f ir s t  age s p e c if ic  m a rr ia g e  ra te  is fo r age p , th a t is  fo r  e x a c t
ages p to  p + 1 , so the second age d is tr ib u t io n  e ffe c t can  be
re p ro d u c e d  b y  m u lt ip ly in g  b y  the life  tab le  s u r v iv o r s  to age p + i ,
th a t is , I .  as a p ro x y  fo r  L .  . ,  p erson  y e a rs  l iv e d  aged
t p + i )  tPJ
p . T h is  e s tim ates  the n u m b e r o f f i r s t  m a rr ia g e s  b e in g  e n te re d  into  
by men a g e d  p . I f  s im ila r  c a lc u la tio n s  a re  c a r r ie d  o u t fo r  m ales  
aged p + 1 , p +2 , and  so o n , u n til q is re a c h ed  a n d  f i r s t
m a rr ia g e s  c ease , the sum o f the p ro d u c ts  es tim ates  th e  bottom  lin e  of 
equ a tio n  4 .1 ,  th a t is
r q - r t
/  e f ( t )  ' ( t ) d t
J  p
I f  such c a lc u la tio n s  a re  re p e a te d , s ta r tin g  not w ith  age  p but w ith  
age p + 1 , the re s u lt in g  sum  is an estim ate  o f the  v a lu e  o f
r  q+l
/  * _ r l  f i t > • ( »  d >
J  p +i
/
t - i
f i t )  d t 
p
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b u t, a t the  sam e tim e , i t  is a lso  an e s tim a te  o f the top lin e  of 
e q u a tio n  4 .1  fo r a s ta r t in g  age o f p and  an e x p o s u re  to r is k ,  




f ( t )  I d te (t+a )
P
- r t
f ( t )  m oves w ith  the  o r ig in  w ith o u t c h a n g in g  its v a lu e .s ince  e
T h u s  the  p ro b a b il i ty  o f not b e in g  w id o w e d  a fte r  b e in g  m a rr ie d  e x a c t ly  
one y e a r  w h e n  m a r ry in g  s ta rts  a t ag e  p ,  is es tim ated  b y  d iv id in g  
the second  sum b y  the  f i r s t .  T h e  p r o b a b il i ty  o f not b e in g  w ido w ed  a f t e r  
a n y  d u r a t io n  o f m a r r ia g e , fo r  a n y  s ta r t in g  age at m a r r ia g e , can be 
s im p ly  e s tim a te d  as the  q u o tie n t o f the  tw o re le v a n t sum m ations of th is  
ty p e . S in c e  the com putations a re  r a th e r  le n g th y , e s p e c ia lly  i f  they  h a v e  
to be re p e a te d  tim e an d  a g a in  fo r  d if fe r e n t  assum ption s , a com puter 
ro u tin e  d e v e lo p e d  fo r f irs tb o rn  c h i ld r e n  was used a g a in .
O rp h a n h o o d  data  a re  ta b u la te d  b y  e x p o s u re  to r is k ,  s ince the a g e  of 
the  re s p o n d e n t is the  e x p o s u re  to r is k ,  o r  the e x p o s u re  to r is k  less th e  
g e s ta tio n  p e r io d  fo r p a te rn a l o rp h a n h o o d . It has a lre a d y  been m en tio n e d  
th a t th is  is  not the case fo r w id o w h o o d , s ince  the data  have  to be 
ta b u la te d  b y  the  age o f the w o m an . T o  s im p lify  the p ro b lem  in tro d u c e d  
b y  th is  c o n s id e ra t io n , it is assum ed  th a t a ll wom en w h o e v e r m a rry  g e t  
m a r r ie d  a t one e x a c t ag e . S in c e  it  has a lre a d y  been o b served  that th e  
fem ale  f i r s t  m a rr ia g e  fu n c tio n  has a v e r y  n a rro w  d is p e rs io n , th is  
as s u m p tio n  is u n l ik e ly  to re s u lt  in  s e rio u s  e r r o r ,  such e r r o r  as th e r e  
is b e in g  c o n c e n tra te d  in the e a r ly  age g ro u p s . It is not d if f ic u lt ,  w i th  
th is  a s s u m p tio n , to es tim ate  the p ro p o rt io n  not w id o w e d  in any age g ro u p .  
T a k in g  th e  age g ro u p  1 5 to 19 , an d  assum ing  th a t a ll wom en m a rry  a t  
e x a c t ag e  15, a ll the  w om en aged  e x a c t ly  15 w il l  be m a rr ie d , bu t n o n e  w ill  
be w id o w e d  s ince  th e  e x p o s u re  to r is k  o f w idow hood is ze ro . T h e  n u m b e r  
of w om en aged 15 can  be w r it te n  as
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N = k  e I
(15 ) k  6 (15)
Women aged  e x a c t ly  16 have been exposed  to r i s k  o f w idow hood  fo r one  
y e a r .  I f  m ale m a rr ia g e s  s ta rt a t age p , and th e  p ro b a b ility  o f no t  
b e in g  w id o w ed  a f te r  an exp o su re  to r is k  o f one y e a r  is P , 
n u m b e r o f w om en n ot w idow ed  a t age 16 w ill  b e
w h e re
N P
(16 ) (1)
N = k e I
(16 ) (16)
T h e  a rg u m e n t can  be c o n tin u e d , ex a ct age b y  e x a c t a g e , up  to e x a c t age 20 . 
T h e  p ro p o rtio n  n o t w idow ed  in the 15 to 19 a g e  g ro u p  can then be e s tim a te d , 
assum ing  o n ly  a l in e a r  age s tru c tu re  betw een  o n e  exact age a n d  the  
n e x t , as
19
b = 15
N P + N P





w h e re  c is e q u a l to b -a ,  a b e in g  th e  age a t w h ich  a ll m a rr ia g e s  
o c c u r. S im ila r  e x p re s s io n s  can be w r it te n  f o r  a ll su b seq u en t age g ro u p s  o f  
re s p o n d e n ts . I f  a ll wom en m a r ry ,  not at 15, b u t at 16 , th e re  is no  basic  
d if fe re n c e , e x c e p t  that the v a lu e  of b r u n s  from  16 to 19. T h e r e  is no  
need to w o r r y  abo u t the s in g le  wom en aged  1 5 , s ince  the  a n a ly s is  is 
re s tr ic te d  to e v e r -m a r r ie d  resp o n d e n ts . N o r ,  fo r the  same re a s o n , is th e re  
any  reason  to w o r r y  about wom en w ho n e v e r  g et m a rr ie d  at a ll -  th e y  a re  
s im p ly  e x c lu d e d  from  the  a n a ly s is . A  c o m p u te r  ro u tin e  d e s c r ib e d  in  A p p e n d ix
9 .1  has been d ev e lo p ed  to c a r r y  out the n e c e s s a ry  com putations fo r  all
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re le v a n t  age g ro u p s , and fo r a  v a r ie ty  o f m a rr ia g e  ag e s , fro m . 15 to 
2 4 . T h e  p o in t age at m a r r ia g e  can be re g a rd e d  as the  m ean age a t f i r s t  
m a r r ia g e ,  and  m ay be e s tim a te d  e m p ir ic a lly  b y  H a jn a l's  s in g u la te  m ean  
a g e  at m a rr ia g e  (H a jn a l; 1 9 5 3 ) ,  w h ic h  is  v e ry  e a s y  to c om pu te .
4 . 8  D e r iv in g  W eigh ts  fo r P ro p o r t io n s  W id o w ed .
In o rd e r  to be usefu l in  th e  e s tim atio n  of m o r ta l i ty ,  p ro p o rtio n s  
w id o w e d  b y  age g ro u p  h ave  to  be re la te d  to some c o n v e n tio n a l life  ta b le  
fu n c tio n . S ince the in c id e n c e  of w ido w ho od  is d e te rm in e d  b y  m o rta lity  
a f te r  m a r r ia g e , the most s u ita b le  fu n c tio n  to use is s u r v iv o rs h ip  fro m  
som e f ix e d  ex a c t age to som e o th e r , la te r ,  a g e , w h ic h  is re la te d  to the  
a g e  g ro u p  o f the  re s p o n d e n t. In  d e v e lo p in g  the  a n a ly s is  o f o rp h a n h o o d , the  
fu n c tio n  used w as the  p r o b a b i l i ty  o f s u r v iv in g  fro m  a f ix e d  age B to 
ag e  B +N , N b e in g  th e  c e n tra l p o in t o f tw o  a d ja c e n t age g ro u p s  of 
re s p o n d e n ts . A  w e ig h t, w  (N ) , w as  c a lc u la te d  to re la te  the p ro p o rtio n s  
not o rp h a n e d  in  the two a g e  g ro u p s  to the life  ta b le  fu n c tio n  a c c o rd in g  to 
e q u a tio n  3 .2 .  T h e  s itu a tio n  is not q u ite  the sam e fo r w id o w h o o d , s in c e  the  
age o f the  res p o n d e n t ( th a t is , the s u r v iv in g  spouse) is e q u iv a le n t  n e ith e r  
to the  e x p o s u re  to r is k  o f w id o w h o o d  n o r to the  p o in t on the  m o rta lity  
s c h e d u le  from  w h ic h  the e x p o s u re  sho u ld  ru n . I f  a ll w om en g et m a r r ie d  at 
e x a c tly  15 , the  15 to 19 a g e  g ro u p  w il l  be m ade up o f w om en w ith  an  
e x p o s u re  to r is k  o f w id o w h o o d  ra n g in g  from  z e ro  to a lm o st fiv e  y e a r s ,  
w h e re a s  if  a ll wom en get m a r r ie d  a t 18 it w il l  be m ade u p  of w om en w ith  an  
e x p o s u re  v a ry in g  from  z e r o  to a lm ost two y e a r s ,  and if  th e y  a ll g e t  m a rr ie d  
at 20 none o f the  wom en w i l l  have b een  m a rr ie d  at a l l .  T h u s  th e re  is no  
n ec e s s a ry  connection  b e tw e e n  the e x p o s u re  to r is k  o f the  re s p o n d e n ts  and  
th e ir  a g e . T h e re  is no re a s o n  o th e r than c o n v e n ie n c e  w h y  th e re  s h o u ld  be such  
a n ec e s s a ry  con n e c tio n , s o  long as the  re la t io n s h ip  b e tw een  the e x p o s u re  
to r is k  and  the  life  tab le  s u r v iv o r s h ip  p e r io d  is  c o n s ta n t. F o r p a te rn a l 
o rp h an h o o d  the c o r re c t io n  has been  s tre tc h e d  som ew hat, w ith  p ro p o rt io n
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o rp h a n e d  b e in g  re la te d  to s u r v iv o rs h ip  from  age B to age B+N+2$  
(B ra s s  a n d  H ill;  1973) . T h is  la t te r  co n d itio n  is not re a l ly  fu lf i lle d  in  
the w id o w h o o d  case s in c e  the re la t io n  betw een  e x p o s u re  to r is k  and ag e  of 
re s p o n d e n t v a r ie s  w ith  age at m a r r ia g e . T h u s  it is n ec e s s a ry  to se lec t 
a r b i t r a r i l y  some s u r v iv o rs h ip  ra t io ,  the g ro u n d s  fo r such  a se lection  
b e in g  c o n v e n ie n c e  o f u s e , and a re s u lta n t set o f w e ig h ts  in the ze ro  to  
one ra n g e  fo r most a g e  g roups  o f resp o n d e n ts , ra th e r  than  some connection  
w ith  com m on sense . T h is  is not the  o n ly  p ro b le m  in v o lv e d  in choosing  a 
s u r v iv o r s h ip  ra t io , fo r  it m ust b e  rem em bered  that i t  is the s u r v iv o rs h ip  
o f the  h u s b a n d  from  h is  age a t m a rr ia g e  fo r  the p e r io d  o f h is  d u ra tio n  
o f m a r r ia g e  w h ic h  is o f in te re s t . H is  age a t m a rr ia g e  w il l  on a v e ra g e  be  
re la te d  th r o u g h  the mean ages a t m ale and fem ale m a rr ia g e s  to the age  
of the  fe m a le  re s p o n d e n t, b u t th is  is v e r y  in d ire c t . T h u s  u n c e rta in ty  
s u r r o u n d s  the e x p o s u re  to r is k  p e r io d  because o f v a r ia t io n s  in  the fem ale  
age at m a r r ia g e ,  as w e ll as the  s ta r tin g  p o in t because of v a ria tio n s  in  
the m a le  age at m a r r ia g e .
I f  m a le s  m a rry  on a v e ra g e  f iv e  y e a rs  la te r than  fem ales , the e x p o s u re  
to r is k  w i l l  ru n  fro m  a ro un d  22$ i f  fem ales a ll m a r ry  at 17$. T h u s  fo r  
w iv e s  a g e d  20 , h u sb an d s  w ill  h ave  s u r v iv ie d , as a ro ugh  a v e ra g e , from  22$ 
to 25 . S im i la r ly ,  w iv e s  aged 25 w ill h ave  husbands w ho have s u r v iv e d  from  
22$ to 3 0 . T h u s , w h e re  N is the c e n tra l age o f resp o n d e n ts , and  fem ales  
m a rry  b e fo re  20 , the e s tim a tin g  equation
W .2 ) '  " (N > 5PN -S *  5PN
' (2 2 » )
re p re s e n ts  an a d eq u a te  a v e ra g e  of the h usban ds ' e x p e r ie n c e . W hen fem ales  
m a r r y  la te r , w ith  the mean age  o v e r 20 , the h u sb an d s  are  l ik e ly  to m a rry  
la te r ,  and the e x p o s u re  to r is k  w ill  be s h o rte r  fo r  a g iven  a g e . Fem ales
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m a r ry in g  b etw een  20 and 25 w ill on a v e ra g e  h ave  been  m a rr ie d  fo r  2 i  y e a rs  
by 2 5 , and  th e ir  h u s b a n d s , b y  the sam e a rg u m e n t as th a t used a b o v e , w i l l  
b y  th e n  h ave  s u r v iv e d  from  27$ to 30 . T h u s  a s u ita b le  es tim a tin g  e q u a tio n  
wi 11 be
(4 .3 ) = w (N )  5PN -5  + (1 ' W (N ))  5PN
(27$)
B oth  these e s tim a tin g  equ a tio ns  h a v e  the a d v a n ta g e  of con v e n ie n c e  in  
a p p lic a t io n , s ince  the n u m e ra to r o f th e  s u r v iv o rs h ip  ra t io  in v o lv e s  
s u r v iv a l to a ro u n d  age, 2 5 , 30 and so o n . T h e  d en o m in a to r is s u r v iv o r s h ip  
to an  a w k w a rd  h a lf  y e a r  p o in t , b u t it  is the same fo r  a ll age g ro u p s  o f  
re s p o n d e n t. T h e  use of a f ix e d  e s tim a tin g  eq u a tio n  fo r  a ra n g e  o f e x p o s u re s  
to r is k  from  2$ y e a rs  less to 2$ y e a rs  m ore than  th a t used in the  e q u a tio n  
g iv e s  r is e  to c o n s id e ra b le  v a r ia t io n  in  th e  w e ig h ts  as the mean age at 
fem ale  m a rr ia g e  v a r ie s .  T h is  w ill  be d iscu ssed  in  th e  n ex t se c tio n . T h e  
assu m p tio n  o f a s in g le  age at m a rr ia g e  a lso  has a s u b s ta n tia l e ffec t fo r  
re s p o n d e n ts  b e lo w  the age at w h ic h  f i r s t  m a rr ia g e  is co m ple ted , b ecau se  
of its  e ffec t on e x p o s u re  to r is k .  T h is  is  d iscu ssed  in  section  4 .1 1 .
F o r m ale re s p o n d e n ts , re p o r tin g  about fem ale m o rta lity , the s itu a tio n  
is th e  sam e. T h e r e  is s t i l l  no n e c e s s a ry  connection  b etw een  age of 
re s p o n d e n t, w h ic h  is k n o w n , and s ta r t in g  p o in t and  d u ra tio n  o f e x p o s u re  
to r is k ,  w h ic h  a re  not. Som ew hat a r b i t r a r y  e s tim a tin g  equ atio ns  based on 
a v e r y  ro ugh  a v e ra g e  o f d if fe re n t  s itu a tio n s , a re  a g a in  n ee d e d . W hen the  
m ean age of m a le  m a rr ia g e  is b e tw e e n  20 and 24 , th e  a v e ra g e  e x p o s u re  to 
r is k  o f w id o w h o o d , o v e r  a ll p o s s ib le  s itu a tio n s , w i l l  be a ro u n d  2$ y e a rs  
b y  age 25 . T h e  w iv e s  w i l l  have s u r v iv e d  from  17$ to 20, i f  on a v e ra g e  
th e y  m a rry  f iv e  y e a rs  e a r l ie r  than  m e n . T h e  m ost s u ita b le  es tim a tin g  
e q u a tio n  to c o v e r  the p o s s ib ilit ie s  is
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( N — 5)
(4 . U)
(1 7 * )
F o r the s itu a tio n  in  w h ic h  the a v e ra g e  age a t m ale m a r r ia g e  is betw een  
25 a n d  3 0 , the  same a rg u m e n ts  s u g g e s t the fo llo w in g  as  the m ost su itab le  
e s tim a tin g  e q u a tio n .
T h e  u lt im a te  ju s t if ic a t io n  o f an e s tim a tin g  e q u a tio n  in  th is  con text 
is th a t it s h o u ld  p ro d u c e  a set o f w e ig h ts  close to 0 .5  fo r a w id e  range  
o f age g ro u p s  and  m e a n s . G iv e n  the  in e v ita b le  p ro b le m s  of v a r ia b le  exposure  
to r is k ,  these  e s tim a tin g  equ a tio ns  do g iv e  r is e  to a c o n s is te n t and  
s ta b le  set o f w e ig h ts .
4 .9 .  F it t in g  the M odel to E m p ir ic a l V a lu e s .
In  o r d e r  th a t the  m ethod m ay be u s e d , it is n e c e s s a ry  that the w idow hood  
m odel be f itte d  b y  some e m p ir ic a lly  m e a s u ra b le  p a ra m e te r  o r  param eters  
to an a c tu a l s itu a tio n . F o r o rp h a n h o o d  th is  f it t in g  is  a c h ie v e d  b y  using  
th e  m ean age at b ir th  in  the s tab le  p o p u la tio n , w h ic h  is a ffec ted  both by  
th e  age d is t r ib u t io n  an d  the f e r t i l i t y  d is t r ib u t io n . F o r  w id o w h o o d , the 
s itu a tio n  is ra th e r  m o re  co m plica ted  because tw o p a ra m e te rs  a re  needed. In  
th e  case o f fem ale  re s p o n d e n ts , a m eas u re  of the  fem a le  age at m a rria g e  is 
n eed ed  to s e lec t an  a p p ro p r ia te  e x p o s u re  to r is k ,  a n d  a m easu re  of m ale  
age at m a r r ia g e  is n eed ed  to s e lec t an a p p ro p r ia te  p o in t from  w h ich  the  
e x p o s u re  is to r u n .  It  tu rn s  out th a t both these p a ra m e te rs  a re  n eces s a ry , 
th e  f i r s t  p a r t ic u la r ly  so fo r yo u n g  re s p o n d e n ts , th e  second p a r t ic u la r ly  so
(N -5 )
w (N) 5PN_5 + (1 - w ( N )  ) 5P N( 4 .5 )
(2 2 i)
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fo r  o ld e r  re s p o n d e n ts . T h e  n a tu re  o f  the p ara m e te rs  needed  in  the tw o cases  
is not the  sam e, h o w e v e r . T h e  e x p o s u re  to r is k  is not in f lu e n c e d  b y  the  
fem ale  age d is tr ib u t io n  (excep t t r iv ia l ly  w ith in  fiv e  y e a r  age g ro u p s ) , and  
th u s  a s t r a ig h t fo r w a r d  mean age a t m a rria g e  is needed fo r f i t t in g  p u rp o s e s . 
H a jn a l's  s in g u la te  m ean age at m a rr ia g e  (H a jn a l; 1953) is s u ita b le ,  and  is 
e a s ily  c a lcu la te d  from  data on p ro p o rtio n s  s in g le  by a g e , th e  s o rt o f  
m a rr ia g e  data u s u a lly  a v a ila b le  from  censuses and s u rv e y s . F o r  f it t in g  
th e  m ale m a rr ia g e  d is tr ib u t io n  to e m p iric a l d a ta , h o w e v e r, s o m e th in g  m ore  
l ik e  the s tab le  p o p u la tio n  mean u sed  in o rphanhood is r e q u ir e d .  A g iv e n  
m a rr ia g e  fun c tio n  w i l l  g iv e  a y o u n g e r d is tr ib u tio n  of h u s b a n d s  w ith  a 
y o u n g e r  age d is t r ib u t io n , and th u s  also a lo w e r inc id ence  o f  w id o w h o o d , 
th a n  w ith  an o ld e r  age d is t r ib u t io n . T h u s  u s in g  an age d is t r ib u t io n  
w e ig h te d  mean w il l  g iv e  a m ore s a tis fa c to ry  estim ate o f w id o w h o o d , g iv e n  
an e x tre m e  age d is tr ib u t io n , than  a s tra ig h tfo rw a rd  m a r r ia g e  d is tr ib u t io n  
m ean . T h a t  th is  w il l  p ro v id e  a b e tte r  f it can be e a s ily  i l lu s t r a te d .  A 
y o u n g , o r s teep , age d is tr ib u t io n  w ill have y o u n g e r h u s b a n d s , and  thus  
o v e ra ll  lo w e r w id o w h o o d , than  th e  m a rria g e  p a tte rn  a lone w o u ld  s u g g e s t. 
T h e  age d is tr ib u t io n  w e ig h te d  m ean w ill be low ered  by th e  steep  age  
d is t r ib u t io n , and  thu s  the w e ig h t selected  w il l  be from  an e a r l ie r  m a rria g e  
m o d el, and thus a lo w e r w ido w ho od  s itu a tio n . T h is  w e ig h t w i l l  be m ore  
s u ita b le  un less  th e re  is a d ra s tic  o v e rc o rre c tio n , bu t th e re  is no 
reason  to suppose th a t such o v e rc o rre c tio n  should  o c c u r, s in c e  w ith in  the  
ra n g e  o f the m a rr ia g e  fun ctio n  m o rta lity  is re la t iv e ly  lo w , and  in c re a s in g  
m ore o r  less l in e a r ly  w ith  a g e .
From  th e o re tic a l c o n s id e ra tio n s , th en , an age d is t r ib u t io n  w e ig h te d  
m ean age at m ale m a rr ia g e  is re q u ire d  fo r f itt in g  p u rp o s e s . I f  the  o n ly  
data  a v a ila b le  a re  p ro p o rtio n s  e v e r  m a rr ie d  b y  age g ro u p , no f i r s t  
m a rria g e  ra tes  o r  n u m b ers  m a rry in g  a re  d ir e c t ly  a v a ila b le ,  m ak in g  d ire c t  
c a lcu la tio n  o f a s u ita b le  mean ra th e r  d if f ic u lt .  It is n e c e s s a ry  to 
in d u lg e  in some fu d g in g  a ro u n d  o f the data  to estim ate a n  age d is tr ib u t io n  
w e ig h te d  m ean , and  it may be th a t w hat is lost in  th is  fu d g in g  p rocess
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o u tw e ig h s  w h a t is  g a in ed  b y  u s in g  a m ore  s u ita b le  f it t in g  p a ra m e te r ,  
p a r t ic u la r ly  w h e re  the age d is tr ib u t io n  is n o t e x tre m e . A m ethod of 
e s tim a tin g  the  p o p u la tio n  mean is as fo llo w s . T h e  p ro p o rtio n  e v e r  m a rr ie d  
in  an  age g ro u p  is c o n s id e red  as b e in g  th e  p ro p o rtio n  e v e r  m a r r ie d  at 
the  c e n tra l p o in t  o f the age g ro u p . Each p ro p o rt io n  m a rr ie d  is s u b tra c te d  
from  the p re v io u s  one to es tim ate  a f i r s t  m a r r ia g e  ra te  from  one c e n tra l 
p o in t  to the  n e x t; the f ir s t  age g ro u p  w i l l  thus be 15 to 17$, the  
second  17$ to 2 2 $ , and so o n . T h e  p o p u la tio n  in each  of these age g ro u p s  
can th e n  be es tim a te d  from  the re p o rte d  a g e  d is tr ib u t io n  u s in g  age  
s p lit t in g  c o e ffic ie n ts , fo r ins tance  those o f  C a r r ie r  and H o b c ra ft  
( C a r r ie r  an d  H o b c ra ft; 1971) . T h e  n u m b e r o f m a rr ia g e s  at each  age can be 
c a lc u la te d  as th e  p ro d u c t o f the s y n th e tic  p o p u la tio n  and the  s y n th e tic  
m a r r ia g e  ra te s  thus c a lc u la te d , and the p o p u la tio n  mean c a lc u la te d  from  
th e  n u m b e r o f m a rr ia g e s  at each a g e . T h e  d iffe re n c e  betw een  the m ean thus  
c a lc u la te d , a n d  the s in g u la te  m ean age a t  m a rr ia g e  is ra th e r  sm all in  
th o se  cases w h e re  both have been c a lc u la te d , and  th is  co m p lica ted  p ro c e d u re  
seem s s c a rc e ly  w o rth  the e ffo r t .  H o w e v e r ,  ju s t  in  case o f age d is tr ib u t io n  
p ro b le m s , th e  m eans c a lcu la te d  from  th e  model fo r  f it t in g  p u rp o se s  a re  
a s in g u la te  m ean age at m a rr ia g e  fo r re s p o n d e n ts  and a m ean age at 
m a r r ia g e  in  th e  s tab le  p op u la tio n  fo r th e  spouses.
9 .1 0 .  W e ig h ts  fo r A p p ly in g  to P ro p o r tio n s  W id o w e d .
A  c o m p u te r p ro g ram m e , re p ro d u c e d  in A p p e n d ix  9 .1 ,  w as d eve lo p ed  to 
s im p lify  the la rg e ly  re p e tit io u s  c a lc u la tio n s  n eed ed  to w o rk  out w e ig h ts  
fo r  a ra n g e  o f  m ale and fem ale m a r r ia g e  lo c a tio n s , and a ra n g e  o f m o rta lity  
le v e ls  and  p a t te rn s . It w as found th a t th e  v a r ia t io n  in the  w e ig h ts  w ith
m ean m a r r ia g e  age o f res p o n d e n t w as v ir t u a l ly  constan t fo r  a ll c e n tra l ages  
a n d  a ll p o p u la tio n  mean ages at m a r r ia g e  o f sp o u s e . It  is th e re fo re  o n ly  
n e c e s s a ry  to have  one tab le  o f w e ig h ts ,  fo r a g iv e n  mean m a rr ia g e  age o f  
re s p o n d e n t, and a s im p le  tab le  o f c o rre c tio n s  fo r  o th e r m ea n s . T h e  w e ig h ts
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fo r fem ale  resp o n d en ts , f o r  a m ean age at m a r r ia g e  o f 18 and e s tim a tin g  
eq u a tio n  4 .2 ,  a re  g iven  in  T a b le  4 .2  ( a ) ,  a n d  fo r a mean age a t m a rr ia g e  of 
22 , and  e s tim a tin g  e q u a tio n  4 .3 ,  in  T a b le  4 .2  (b ) . T h e  w e ig h ts  fo r m ale  
re s p o n d e n ts , fo r  a mean a g e  at m a rr ia g e  o f 2 3 , and es tim atin g  equ a tio n
4 .4 ,  a re  g iv e n  in  T ab le  4 .3  ( a ) ,  a n d  fo r a m ean age at m a rr ia g e  o f 2 7 , and  
e s tim a tin g  e q u a tio n  4 .5 ,  in  T a b le  4 .3  (b ) . T h e  fu ll w e ig h ts , fo r  a ll 
re a s o n a b le  m eans, a re  re p ro d u c e d  in  A p p e n d ix  4 .2 .
T h e  c o rre c tio n s  d e v e lo p e d  fo r  d if fe re n t  m ean ages o f re s p o n d en t have  
s im p ly  to be added  on to  the w e ig h ts  o b ta in e d  from  T a b le s  4 .2  and 4 .3 .
T h e  fac t th a t these c o r re c t io n s  v a r y  o n ly  a l i t t le  w ith  the o th e r  mean  
in v o lv e d , the p o p u la tio n  mean age  at m a rr ia g e  o f the spouse, av o id s  the  
need fo r a th re e  way ta b le  o f w e ig h ts , and  the fact tha t they  v a r y  s c a rc e ly  
at a ll w ith  age o f re s p o n d e n t m eans that e v e n  a two w ay  tab le  of 
c o rre c tio n s  is u n n e c e s s a ry . T h is  m a te r ia lly  s im p lifie s  the use o f w h a t is , 
in  e ffe c t, a tw o  p a ra m e te r  m odel. Some v a r ia t io n  w as found in  the  
c o rre c tio n s  b y  mean a g e  a t m a r r ia g e  of re s p o n d e n t, and th is  w as g re a te s t  
w h e re  the tw o means w e r e  e ith e r  v e ry  c lose  to one a n o th e r, o r  v e ry  fa r  a p a r t.  
F o r l ik e ly  d iffe re n c e s  b e tw e e n  th e  two m e a n s , it is adequate to use the  
s im p le  c o rre c tio n s  s h o w n  in T a b le  4 .4 .  T h e s e  c o rrec tio n s  a re  w h a t common 
sense s u g g e s ts . The w e ig h ts  e ffe c tiv e ly  in te rp o la te  betw een p ro p o rtio n s  
not w id o w e d  in two a d ja c e n t  f iv e  y e a r  age g ro u p s . A change in e x p o s u re  to 
r is k ,  w h ic h  is w hat th e  mean age  at m a r r ia g e  o f resp on den ts  is m e a s u rin g , 
s im p ly  m oves the p o in t  o f in te rp o la tio n  re q u ir e d  to g iv e  a f ix e d  re fe re n c e  
p o in t. T h u s  i f  the o b s e rv e d  m ean is one y e a r  e a r l ie r  than the mean on w h ich  
the  s ta n d a rd  tab le  is b a s e d , a c o rre c tio n  o f 0 .2 ,  re p re s e n tin g  one y e a r  m ore  
in  a f iv e  y e a r  age g r o u p ,  has to be ad d e d  to the w e ig h t to m a in ta in  the  
o r ig in a l re fe re n c e  p o in t .  T h e  e r r o r  in tro d u c e d  in to  the w e ig h t b y  the  use 
of th is  s im p le  c o r re c t io n  is r a r e ly  in e x c es s  of 0 .0 5 ,  and th a t o n ly  for 
la rg e  d iffe re n c e s  in  m ean s , o r  a fem ale m ean in excess o f the m ale m ean.
T h e  p o s s ib le  e r r o r  is  re la te d  to  the s iz e  o f the c o rre c tio n , so the
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T A B L E  4 . 2  1 W E IC H T S  F O R  C O N V E R T IN G  P R O P O R T IO N S  K lD O W iP  IN T O  L I F E  T A B L E  F U N C T IO N S
FEMALE RESPONDENTS
Al p h a «  0 . 0 2 2 1 B e t a  - 1 . 0  1 ( 2 )  -  8 0 0
Growth R a c e  - 2 . 0 0 Z
( a ) FUNCTION ESTIMATED !
l ( N + 5 ) / l ( 2 2 l )
M e a n  Age a t  F e m a l e  M a r r i a g e  : 1 8  y c a r a
MALE
MEAN




3 5  4 0 4 5 5 0 5 5 6 0 6 5
1 9 .  4 5 6 4 . 2 5 7 3 • ? * * 8 8 . 8 8 0 9 . 1 7 4 1 . 1 1 0 8 . 0 2 7 9 - . 0 4 0 4 - . 1 4 7 8 - . 8 3 0 5
2 0 . 4 9 8 8 . 3 0 5 8 • 3 1 0 0 . 3 0 0 3 . 8 7 7 1 . 2 3 5 6 . 1 8 0 2 . 1 8 9 9 . 0 3 6 3 - . 0 4 3 0
8 1 . 5 8 3 8 . 3 4  5 9 • 3 6 AÒ . 3 7 4 4 . 3 7 4 9 . 3 6 1 4 . 3 2 5 9 . 2 9 3 4 . 8 1 3 7 . 1 3 9 3
? .? . . 5 4 8 1 . 3 8 0 5 • M 4 2 . 4 4 4 0 . 4 6 8 3 . 4 7 9 0 . 4 6 5 7 . 4 5 0 8 . 3 3 5 3 . 3 1 7 8
8 3 . 5 6 7 8 . 4 0 9 7 • ¿ ♦ 5 9 0 . 5 0 9 9 . 5 5 8 0 . 5 9 2 1 . 6 0 0 8 . 6 0 2 8 . 5 5 2 1 . 4 9 4 0
8*. . 5 8 3 0 . 4 3 4 4 • 5 0 0 6 . 5 7 3 1 . 6 4 4 7 .  7 0 1 5 . 7 3 0 3 . 7 5 0 4 . 7 1 5 4 . 6 6 9 6
? S . 5 9 4 5 . 4 5 6 3 • 5 4 0 < * • 6 3 4 9 . 7 8 9 4 . 8 0 7 9 . 8 5 6 8 . 8 9 4 4 . 8 7 6 7 . 8 4 6 8
8 6 , 6 0 3 e . 4 7 7 0 . 5 7 9 9 . 6 9 6 5 . 8 1 3 1 . 9 1 2 3 . 9 8 0 7 1 . 0 3 5 9 1 . 0 3 7 5 1 . 0 8 5 7
8 7 . 6 1 8 0 . 4 9 7 9 • 6 2 0 5 . 7 5 8 9 . 8 9 6 6 1 . 0 1 5 4 1 . 1 0 2 7 1 . 1 7 6 1 1 . 1 9 9 4 1 . 2 1 0 3
8 8 . 6 8 0 4 . 5 2 0 4 . ^ 6 3 U . 8 8 2 6 . 9 8 0 8 1 . 1 1 7 8 1 . 2 2 3 6 1 . 3 1 6 0 1 . 3 6 3 9 1 . 4 0 2 6
8 9 . 6 3 0 0 . 5 4 4 9 • 7 u 7 6 . 3 8 7 8 1 . 0 6 4 3 1 . 8 1 9 7 1 . 3 4  3 3 1 . 4 5 6 9 1 . 5 3 2 6 1 . 6 0 5 7
3 0 . 6 4 0 6 . 5 7 1 5 .  75<* 7 . 9 5 4 3 1 . 1 4 8 5 1 . 3 2 1 8 1 . 4 6 3 6 1 . 5 9 9 8 1 . 7 0 7 1 1 . 8 2 3 5
( b ) FUNCTION ESTIMATED '  1 ( N+5) / 1 ( 2 7 J )
Mean Age e t F e m a l e  1M a r r i a g e :  22  y e a r s
MA L E
MEAN
8 0 2 5
c e n t r a l
3 0
AGE o f  w o m e n  
3 5  4 0 4 5 5 0 5 5 6 0 6 5
1 9 3 . 1 9 5 1 • 6 1 R 6 . ^ 8 5 6 . 2 6 2 3 . 0 7 5 7 - . 1 5 8 4 - . 4 1 4 5 - . 6 8 5 7 - . 8 4 0 4 - . 9 7 8 8
2 0 3 . 0 7 8 6 . 6 5 1 3 • 4 3 4 4 . 3 2 6 3 • 1 6 3 1 - . 0 3 9 4 - . 8 6 0 6 - . 4 4 2 8 - . 6 3 6 8 - . 7 6 1 7
2 1 2 . 9 8 0 1 . 6 7 8 0 . 4 7 6 3 . 3 8 4 1 . 2 4 5 4 . 0 7 4 7 - . 1 1 8 9 - . 2 6 7 7 - . 4 4 1 9 - . 5 6 0 0
2 2 8 . 8 9 8 3 . 7 0 0 ? . • 5 1 2 1 . 4 3 6 7 . 3 2 3 5 .  1 8 4 4 . 0 2 9 1 - . 0 9 9 7 - . 8 5 4 7
- . 3 6 6 3
2 3 8 . 8 1 8 9 .  7 1 0 0 . 5 4 2 4 . 4 8 5 1 • 3 9 8 2 . 8 9 0 2 . 1 6 5 8 . 0 6 1 7
- . 0 7 4 6 - . 1 7 9 7
2 4 8 . 7 8 3 9 . 7 3 1 8 • 6 s e 2 . 5 3 0 3 . 4 7 0 3 . 3 9 2 8 . 2 9 8 0 . 2 1 7 4 . 0 9 9 8 . 0 0 1 1
2 5 8 . 7 4 9 0 • 7<o2<o . 5 9 1 0 . 5 7 3 8 . 5 4 0 9 . 4 9 1 0 . 4 2 6 3 . 3 6 6 1 . 8 6 7 7
. 1 7 7 6
2 6 2 . 7 8 4 3 .  7 5 0 9 . 6 1 8 7 . 6 1 7 1 . 6 1 1 3 . 5 9 1 8 . 5 5 1 6
. 5 1 4 9 . 4 3 1 9 . 3 5 1 4
2 7 8 . 7 0 5 4 • 7 5 8 4 . 6 3 4 7 . 6 6 1 5 . 6 8 8 3 . 6 8 9 7 . 6 7 4 5 . 6 5 8 5 . 5 9 3 0 . 5 8 4 0
2 8 2 . 6 8 7 1 . 7 6 6 0 . 6 5 8 8 .  7 0 7 8 .  7 5 4 4 . 7 8 7 3 . 7 9 5 7 .  7 9 9 6 . 7 5 8 1
. 6 9 7 0
? 9 2 . 6 6 8 9 • 7 7 4 7 . 6 3 3 7 . 7 5 6 3 . 8 2 7 7 . 8 8 4 7 . 9 1 5 5
. 9 3 8 9 . 9 1 0 4 . 8 7 1 9
3 0 2 . 6 4 0 7 . 7 8 4 6 . 7 1 1 8 .  B 0 6 d . 9 0 1 9 . 9 3 1 7 1 . 0 3 4 0 1 . 0 7 6 8 1 . 0 6 9 0
1 . 0 5 0 4
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T A B L E  A .  3  1 W E IC H T S  F O R  C O N V E R T IN G  P R O r O K I IO N S  W ID O W ED  IN T O  L I F E  T A B L E  F U N C T IO N S
HALE RESPONDENTS
A l p h a  -  0 . 0 2 2 1  B e t a  -  1 . 0  1 ( 2 )  -  8 0 0  Gr owt h  R a t e  -  2 . 0 0 %
( a )  FUNCTION ESTIMATED ! 1 ( N_ 5 ) / I  ( 17  j  j
Mean Age  a t  M a l e  M a r r i a g e  I 2 3  y e a r s
F E MA L E
MEAN
2 5 3 0





4 5 5 0 5 5 6 0 6 5 7 0
1 5 . 3 8 5 3 .  1 1 2 9 . 0 9 9 9 . 1 1 1 0 . 1 1 1 3 . 1 0 « 3 . 0 8 6 1 . 0 4 8 3 . 0 1 7 2 - . 0 5 9 3
1 6 . 4 4 2 3 . 1 9 3 0 .  1 8 6 9 . 2 0 8 7 • 2 2 5 2 . 2 3 7 1 . 2 3 8 0 . 2 1 7 4 . 1 9 8 8 . 1 3 2 5
1 7 . 4 9 4 4 . 2 6 3 5 . 2 6 6 9 . 3 0 0 4 . 3 3 3 2 . 3 6 3 8 . 3 8 3 1 . 3 7 9 0 . 3 7 3 3 . 3 1 7 5
1 « . 5 3 9 9 . 3 2 4 2 . 3 3 8 6 . 3 8 4 7 . 4 3 4 3 . 4 8 3 5 . 5 2 0 9 . 5 3 3 2 . 5 4 0 8 . 4 9 6 4
1 9 . 5 7 8 3 . 3 7 5 « . 4 0 1 7 . 4 6 1 4 . 5 2 8 4 . 5 9 6 4 . 6 5 1 6 . 6 8 0 4 . 7 0 1 7 . 6 7 0 4
2 0 . 6 1 9 0 . 4 1 9 1 . 4 5 6 6 . 5 3 1 0 . 6 1 6 1 . 7 0 2 8 . 7 7 5 7 . 8 2 1 1 . 8 5 6 8 . 8 4 0 8
2 1 • 6 3 S 7 . 4 5 4 6 . 5 0 4 1 . 5 9 4 3 . 6 9 8 0 . 8 0 3 4 . 8 9 3 9 . 9 5 6 3 1 . 0 0 7 0 1 . 0 0 9 0
2 2 . 6 5 5 3 . 4 8 2 6 . 5 4 5 1 . 6 5 2 2 . 7 7 5 1 . 8 9 9 0 1 . 0 0 7 0 1 . 0 8 6 5 1 . 1 5 3 5 1 . 1 7 6 5
2 3 . 6 6 9 3 . 5 0 4 9 . 5 8 1 1 . 7 0 6 1 . 8 4 8 3 . 9 9 0 6 1 . 1 1 6 0 1 . 2 1 2 7 1 . 2 9 7 7 1 . 3 4 4 7
2 4 . 6 7 9 0 . 5 2 2 8 . 6 1 4 3 . 7 5 7 9 . 9 1 9 3 1 . 0 7 9 5 1 . 2 2 2 1 1 . 3 3 6 0 1 . 4 4 1 3 1 . 5 1 5 4
( b ) FUNCTION ESTIMATED * 1 ( N- 5 ) / 1 ( 2 2 1 )
Mean Age a t  Ma l e  M a r r i a g e : 2 7  y e a r s
F E M A L E
MEAN
2 5 3 0
c e n t r a l
3 5
AGE OK MEN
<♦0 A5 5 0 5 5 6 0 6 5 7 0
1 5 3 . 7 8 9 0 . 2 1 4 5 .  1 5 7 o . 0 6 1 3 - . 0 8 2 9 - . 2 5 8 8 - . 4 5 1 1 - . 6 0 3 7 - . 7 7 6 0
1 6 3 . 5 9 5 8 • S 3 8 1 . 2 9 3 2 . 2 4 6 2 .  1 6 2 8 . 0 3 9 7 - . 1 0 9 7 - . 2 7 4 4 - . 4 0 5 7 - . 5 6 2 5
1 7 3 . 4 1 0 3 . 5 0 7 0 . 3 6 3 6 . 3 2 7 7 . 2 5 8 4 . 1 5 6 7 . 0 3 3 3 - . 1 0 4 9 - . 2 1 6 3 - . 3 5 7 7
1 8 3 . 2 4 5 7 . 6 2 9 7 . 4 2 5 3 . 4 0 1 0 . 3 4 6 8 . 2 6 7 1 . 1 6 9 5 . 0 5 6 7 - . 0 3 5 5 - . 1 6 1 3
1 9 3 . 1 0 4 9 • 6 6 S 9 . 4 7 8 4 . 4 6 5 7 . 4 2 7 9 . 3 7 0 8 . 2 9 6 7 . 2 1 0 6 . 1 3 7 3 . 0 2 6 9
2 0 2 . 9 8 6 5 . 6 9 6 1 . 5 2 3 3 . 5 2 2 3 . 5 0 2 1 . 4 6 8 2 . 4 2 1 4 . 3 5 7 2 . 3 0 2 7 . 2 0 7 6
2 1 2 . 8 8 8 9 . 7 2 0 8 . 5 6 0 2 . 5 7 1 7 . 5 7 0 3 • 5 6 0 0 . 5 3 8 1 . 4 9 7 2 . 4 6 1 5 . 3 8 1 8
2 2 2 . 8 1 4 2 . 7 3 9 0 . 5 8 9 7 . 6 1 4 6 . 6 3 3 3 . 6 4 7 0 . 6 4 9 4 . 6 3 1 3 . 6 1 4 3 . 5 5 0 5
2 3 2 . 7 6 2 2 .  7 S  j 6 . 6 1 2 9 . 6 5 2 9 . 6 9 2 4 . 7 3 0 1 . 7 5 6 3 . 7 6 0 4 . 7 6 1 9 . 7 1 5 3
2 4 2 . 7 2 h 9 • 7 n . i l . 6 3 2 0 . 6 8 8 3 . 7 4 9 6 . 6 1 0 9 . 3 6 0 1 . 8 8 5 7 . 9 0 5 6 . 3 7 7 7
a b s o lu te  e r r o r  in  a c o rre c tio n  o f 0 .6  w il l  be la r g e r  than th a t in a 
c o r re c t io n  o f 0 .2 .
T h e  p ro c e d u re  fo r o b ta in in g  a set o f w e ig h ts  is not com p lica ted . T h e  
f i r s t  s te p  is to estim ate  th e  tw o m eans r e q u ir e d ,  one a d is tr ib u t io n  mean  
fo r re s p o n d e n ts , and one a p o p u la tio n  m ean fo r  the spouses at r is k .  T h e  
re s p o n d e n ts ' m ean is u sed  f i r s t ,  to se lec t th e  re le v a n t e s tim atin g  e q u a tio n ,  
and  th e n  to e s tim a te , b y  l in e a r  in te rp o la tio n  w ith in  the ro u nd  va lues  g iv e n  
in  T a b le  4 .4  th e  c o rre c tio n  v a lu e  n eed ed . T h e  p opu lation  mean is then  
u sed  to in te rp o la te  w ith in  the  re le v a n t p a r t  o f  T a b le  4 .2  o r  T a b le  4 .3 ,  
and  w e ig h ts  o b ta in e d  fo r each  c e n tra l age o f  respondents  re q u ire d . T h e  
f in a l w e ig h ts  a re  then  a r r iv e d  a t b y  s im p ly  a d d in g  to each such w e ig h t th e  
c o r re c t io n  v a lu e  a lre a d y  e s tim a te d .
T a b le  4 .4  C o rre c tio n  F ac to rs  fo r  M ean A g e  o f  R espondents ' M a rr ia g e .
Fem ale R espondents M ale R espondents
E s tim a tin g  1(N + 5 ) / l  (2 2 i) 1 (N +5) 7 ' ( 2 7 i) ' (N -5 )  7 ' (171) ' ( N - 5 )   ^' (2 2 i)
M a r r i -  C o r r - M a r r i -  C o r r - M a r r i -  C o r r - M a r r i - C o rr -




M 20 0 .6 25 0 .4
16 0 .4 21 0 .2 21 0 .4 26 0 .2
17 0 .2 22 22 0 .2 27 -
18 - 23 - 0 . 2 23 - 28 - 0 .2
19 - 0 . 2 24 - 0 . 4 24 - 0 .2 29 - 0 .4
20 - 0 . 4 25 - 0 . 4
4 .1 1  E ffec ts  on the W e ig h ts  o f V a r ia t io n s  in  the A ssum ption s .
T h e  assum ption s  on w h ic h  the w id o w h o o d  method ju s t  d es c rib e d  r e s ts  
a re  fe w e r a n d  less s w e ep in g  than  those on  w h ich  the e ld es t s u r v iv in g
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c h ild re n  te c h n iq u e  r e l ie s .  Some as s u m p tio n s , such as t h e  m odel p a ra m e te rs ,  
can be te s te d  b y  the s im p le  e x p e d ie n t o f u s in g  a l te r n a t iv e  n u m e ric a l 
in p u ts , w h e re a s  o th e rs , s u c h  as the  e ffe c t o f  assum ing  a  f ix e d  age a t  
m a rr ia g e  fo r  re s p o n d e n ts , a re  m uch m ore d if f ic u lt  to t e s t .  T h e r e  m u st also  
be d o u b ts  ab o u t the  q u a l i ty  o f the data  to w h ic h  the m e th o d  m ay be a p p lie d ,  
b u t c o n s id e ra tio n  o f th is  w i l l  be le ft  to C h a p te r  5.
( i)  T h e o r e t ic a l A s s u m p tio n s .
T h e  m ost o b v io u s  th e o re tic a l o b jec tio n  is  to the a s s u m p tio n  th a t  
th e re  is no re la t io n  b e tw e e n  m o rta lity  e x p e r ie n c e  and  m a r ita l  s ta tu s . It  
is w e ll e s ta b lis h e d  th a t m o rta lity  is h ig h e r ,  p e rh a p s  a s  m uch as 50 p e r  
cen t h ig h e r ,  fo r  the  s in g le  p o p u la tio n  than  fo r  the m a r r ie d  p o p u la tio n .
T h e re  is a lso  some e v id e n c e  th a t m o rta lity  is h ig h e r  a m o n g s t the w id o w e d  
and  d iv o rc e d  than  am o n g s t the m a r r ie d . I f  th is  is so , th e  a n a ly s is  of 
w id o w h o o d  w o u ld  u n d e re s tim a te  m o rta lity  s ince  the  w id o w s  w o u ld  form  too  
sm all a p ro p o rt io n  o f th e  p o p u la tio n  as a re s u lt  o f d y in g  o ff fa s te r .
F o r E n g la n d  and  W ales  in  1961, a p p a re n t m o rta lity  r a te s  fo r w id o w e rs  and  
d iv o rc e d  m en w e re  a b o u t tw ice  the  ra tes  fo r  m a r r ie d  m e n , and  the ra tes  
fo r w id o w s  a n d  d iv o rc e d  wom en w e re  also  s u b s ta n t ia l ly  h ig h e r  than  fo r  
m a r r ie d  w om en (R e g is tr a r -G e n e r a l;  1968) . T h e  in te r p r e ta t io n  o f th is  
in fo rm a tio n  re q u ire s  c a r e ,  h o w e v e r, s ince  th e re  is som e d o u b t as to the  
c o m p a ra b ility  o f the  m a rr ia g e  data  from  census and  fro m  re g is tra tio n  
s o u rc e s .
M uch  m o re  d e ta ile d  a n a ly s is  has been  c o n d u c te d  in  the U n ite d  S ta te s . 
K ra u s  and  L il ie n f ie ld  (1959) ex a m in e d  m o rta lity  d i f fe r e n t ia ls  betw een  
the m a r r ie d  and w id o w e d  p o p u la tio n s  u s in g  data  f r o m  the 1950 census an d  
d ea th s  re g is te re d  in  th e  y e a rs  1999 to 1951, b y  s e x ,  age and  cause o f  
d e a th . T h e  excess  m o rta lity  o f w id o w s  and  w id o w e rs  was p a r t ic u la r ly  m a rk e d
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in  th e  a g e  g ro u p  20 to 34 , the cause  o f  d eath  s p e c ific  d ea th  ra te s  b e in g  
a lw a y s  a t leas t tw ic e  the  ra tes  fo r t h e  m a r r ie d . T h e re  w e re  also  v e ry  
s u b s ta n tia l v a r ia t io n s  b y  cause o f d e a th ,  the  ra tes  fro m  tu b e rc u lo s is ,  
in f lu e n z a , p n e u m o n ia , d iseases o f th e  h e a r t ,  s u ic id e , and  m otor a c c id e n ts  
b e in g  te n  tim es the  co m p a ra b le  m a r r ie d  ra te s  in the 20 to 34 age g ro u p ,  
w h e re a s  the  ra te s  fro m  c a n c e r w e r e  o n ly  tw ic e  as h ig h . It  is  h a rd  to e x p la in  
th ese  d if fe re n c e s  in  te rm s  o f d i f f e r e n t  re p o r tin g  o f m a r ita l sta tus  in  a 
c e n s u s  a n d  a t re g is te r in g  a d e a th . T h e  d iffe re n c e s  a re  too la rg e  to be  
e x p la in e d  b y  the  som ew hat h ig h e r  a v e ra g e  age o f w id o w s  than  m a rr ie d  
p e rs o n s  in  an age g ro u p , o r  b y  th e  fact th a t the w id o w e d  p o p u la tio n  is 
s e le c te d  fo r i l l  h ea lth  b y  fa ilu re  to  r e m a r r y ,  o r  b y  the  p o s s ib le  
e ffe c t o f  m a r r ia g e  p ro sp ec ts  on r e p o r t in g  o f m a rita l s ta tu s . T h re e  
c la s s e s  o f p o s s ib le  e x p la n a tio n  a r e  p ro p o s e d , and c a lle d  'm u tu a l cho ice  
o f p o o r r is k  m a te s ', 'jo in t  u n fa v o u r a b le  e n v iro n m e n t',  an d  'e ffec ts  o f 
w id o w h o o d '; the  b u ilt  in  e ffec t o f  so c ia l c lass  m o rta lity  d if fe re n t ia ls  
is d is m is s e d  on the  g ro u n d s  th a t i t  cann ot e x p la in  a la rg e  enough p o rtio n  
o f th e  g a p . T h e  m utual choice o f p o o r  r is k  m ates is the o n ly  e x p la n a tio n  
th a t  c o v e rs  the  o b s e rv e d  d e c lin e  o f  the g ap  w ith  age; it  is  e a s ie r  to 
re c o g n iz e  a p oo r r is k  f iv e  y e a rs  h e n c e  than  a p oo r r is k  15 y e a rs  h en c e .
T h e s e  co n c lu s io n s  a re  la r g e ly  b o rn e  out b y  the  U n ite d  S tates  m atched  
re c o rd s  s tu d y  o f 1960 (N a tio na l C e n te r  fo r  H ea lth  S ta tis tic s ; 1 9 6 9 ), w h ic h  
m atc h e d  census and  d eath  r e g is tr a t io n  re p o r ts . S u b s ta n tia l e r r o r s  in  
re p o r t in g  m a r ita l s ta tus  w e re  d is c o v e r e d , bu t n o th in g  lik e  la rg e  enough  
to e x p la in  a w a y  a ll the h ig h e r  m o r ta l i ty  am ongst w id o w s . T h e  s tu d y  found  
th a t an a p p a re n t excess  o f 75 p e r  cent fo r  w h ite  w id o w e rs  o v e r m a rr ie d s  
w a s  re d u c e d  to 63 p e r  cent; fo r  w h ite  fem a les , the  re d u c tio n  w as fro m  40 
p e r  c e n t to 27 p e r  cent; fo r n o n -w h ite  m ales from  119 p e r  cent to 77 p e r  
c e n t; and  fo r  n o n -w h ite  fem a le s  from  81 p e r  cent to 57 p e r  c e n t.
It seems c le a r  th a t m o r ta l i ty  am ongst w id o w e rs  in  the  U n ite d  S tates  
is  h ig h e r  than  am ongst the m a r r ie d  p o p u la tio n , and  th a t th is  excess  is
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most m a rk e d  a m o n g s t you ng  w ido w s; th e  d iffe re n c e s  o v e r  the age o f 40  
cou ld  w e ll be e x p la in e d  b y  the  v a r io u s  fac to rs  m e n tio n ed  ab o v e . T h is  
o b v io u s ly  has im p lic a t io n s  fo r  the w ido w ho od  a n a ly s is , and  w ill  ten d  to 
lo w e r estim ates o f  m o rta lity  b y  re d u c in g  the p ro p o rtio n  w id o w e d . F o r tu n a te ly  
the d iffe re n c e s  a r e  g re a te s t fo r  y o u n g  w id o w s , a t ages w h e re  m o rta lity  is 
v e r y  lo w , so t h a t  a lthough  the  p ro p o rt io n  w id o w e d  is lo w , so is the  
m o rta lity  o f w id o w s , even  though  it is p ro p o rt io n a te ly  m uch h ig h e r  than  
fo r m a rr ie d  p e r s o n s  T h e  r is in g  p ro b a b il i ty  o f w id o w h o o d  w ith  age also  
m eans th a t the n u m b e rs  w id o w e d  m o re  than  f iv e  y e a rs  ago a re  o n ly  a 
sm all p a r t  o f a l l  w id o w s , so the e xcess  m o rta lity  does not accum ula te  
fo r a long p e r io d .  T h is  e r r o r  is in  the  same d ire c tio n  as tha t re s u lt in g  
from  ta k in g  no ac c o u n t o f h ig h e r  m o rta lity  in the  s in g le  p o p u la tio n , w h ic h  
cou ld  be im p o r ta n t  fo r c o u n tr ie s  w ith  s u b s ta n tia l p ro p o rtio n s  n e v e r  
m a r ry in g . T h e r e  is a com pen satin g  u p w a rd  b ia s , h o w e v e r , in tro d u c e d  b y  
the e ffects  o f f a l l in g  m o rta lity , so the  n et e ffec t co u ld  be s m a ll.
T h e  e v id e n c e  for th is  excess m o rta lity  am ongst the w ido w ed  com es  
from  d e v e lo p e d , low m o rta lity  c o u n tr ie s , p a r t ic u la r ly  from  the U n ite d  
S ta tes . T h e re  is  th e re fo re  no d ir e c t  e v id e n c e  fo r  the  same re la t io n s h ip  
b e in g  found in  u n d e rd e v e lo p e d , h ig h  m o rta lity  c o u n tr ie s , to the same  
p ro p o rtio n a l e x te n t ,  o r ind e e d  at a l l .  T h e  n o n -w h ite  p o p u la tio n  of 
the U n ited  S ta te s  shows h ig h e r  d if fe re n t ia ls  than  the w h ite  p o p u la tio n , 
b u t th is  w o u ld  be p a r t ly  an age d is tr ib u t io n  e ffec t; th is  p o p u la tio n  can  
h a rd ly  be r e g a r d e d  as ty p ic a l o f d e v e lo p in g  c o u n tr ie s  a n y w a y .
( i i )  A s s u m p tio n s  about M o r ta lity  an d  the A ge D is tr ib u t io n .
T h e  m o r ta l i ty  s c h e d u le  used in  the bas ic  m odel w as from  the B ras s  
m odel life  t a b le  system , d e s c r ib e d  in  C h a p te r  3 (B ra s s  et a l,  1968;
B ra s s , 1 9 7 1b ) . T h e  same o v e ra ll le v e l and p a tte rn  w as used as fo r  the
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b as ic  o rp h a n h o o d  c a lc u la tio n s , th a t is , w ith  an a v e ra g e  re la t io n s h ip  
b etw e e n  a d u lt  a n d  c h ild  m o r ta l i ty ,  and  w ith  ' ( 2 ) '  , i fe  tab le  
s u r v iv o r s  to age tw o , b e in g  se t a t 800 . T h is  p a r t ic u la r  life  tab le  w as  
chosen  as b e in g  ro u g h ly  an a v e ra g e  fo r a w id e  ra n g e  o f d e v e lo p in g  
c o u n tr ie s . T h e  age d is tr ib u t io n  assum ed  in the  m odel w a s  th a t o f a 
s ta b le  p o p u la tio n , d e te rm in e d  b y  the m o rta lity  s c h e d u le  and  the ra te  
o f p o p u la tio n  g r o w th . A  f e r t i l i t y  p a tte rn  s im ila r  to th a t d ev e lo p e d  b y  
B ras s  (B ra s s  e t a l ,  1 9 6 8 ), a n d  a to ta l f e r t i l i t y  ra te  o f s ix  w e re  
fou nd  to im p ly  an in t r in s ic  ra te  o f g ro w th  o f c lose  to tw o  p e r  cen t p e r  
a n n u m .
In  r e a l i t y ,  m o r ta lity  s c h e d u le s  and  ra tes  o f p o p u la tio n  g ro w th  v a r y  
w id e ly  e v e n , o r  e s p e c ia lly , in  th e  d e v e lo p in g  w o r ld .  T h e  ro b u s tn e s s  o f  
the  m odel to d if fe r e n t  s itu a tio n s  w as tested  b y  u s in g  d if fe re n t  
m o rta l i ty  s c h e d u le s  and  g ro w th  ra te s  in  the m o d e l, and  n o ting  how  m u ch  
d if fe re n c e  th is  m ade to the f in a l w e ig h ts . T h e  tes ts  w e re  c a r r ie d  o u t  
fo r  w e ig h ts  fo r  fem a le  re s p o n d e n ts  w ith  the  fem a le  age  at m a r r ia g e  f ix e d  
at 2 0 , b u t u s in g  b o th  e s tim a tin g  eq u a tio n s ; fo r  m ale  re s p o n d e n ts , the  
m ale  age  at m a r r ia g e  w as f ix e d  at 25 . W e ig h ts  w e re  c a lc u la te d  on the  
b as is  o f fo u r l ife  ta b le s  fo r ea c h  sex  o f re s p o n d e n t. T h e  p a ra m e te rs  o f  
these  li fe  ta b le s  w e re  ( i)  beta  =  1 .3 ,  1(2) = beta = 0 .8 ,
l (2 ) = 800; ( i i i )  b e ta  = 1 .0 ,  I = 650; ( iv )  b e ta  = 1 .0 ,  l (2) = 9 0 0 . 
G ro w th  ra tes  c o n s is te n t w ith  these  m o rta lity  s c h e d u le s  and w ith  a to ta l
f e r t i l i t y  ra te  o f 6 .0  w e re  u sed  to d e te rm in e  th e  m odel age d is t r ib u t io n .  
T a b le  9 .5  show s th e  w e ig h ts  c a lc u la te d  u s in g  these d if fe re n t  life  ta b le s  
and  age  d is t r ib u t io n s , fo r th re e  c e n tra l ages o f re s p o n d e n t and fo r  a 
ty p ic a l m ale -  fem a le  m a rr ia g e  m ean gap; the  c o m p a ra b le  w e ig h t  o b ta in e d  
fro m  T a b le s  9 .2 ,  9 .3 ,  and  9 .9  in  the  m a n n e r d e s c r ib e d  e a r l ie r ,  is a lso  
s h o w n .
T a b le  9 .5  show s th a t the  w e ig h ts  do not v a r y  m uch  w ith  the  le v e l  
o f c h ild  m o r ta l i ty ,  as m e a s u re d  b y  I ( 2 ) , o r  the age p a tte rn  o f
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l (N +5 )/ l (22 i) ' (N +5 )71 (27i ) *(N V (1 7 i) , (N -5 ) / '(2 2 i)
C entral age 25 40 60 30 40 60 30 45 60 35 45 60
Estimated Value 800 1.00 2 .00 . 034 .245 .315 .968 .870 .499 .019 .216 .421 .923 .902 .757
800 1.30 1.75 .035 .231 .218 .946 .830 .407 .031 .222 .392 .909 .869 .705
T ru e  Values
800 0.80 2 .17 .026 .236 .377 .979 .887 578 .007 .192 .437 .933 .914 .787
650 1.00 1.15 .017 .199 .256 .986 .895 506 - .0 0 4 .155 .357 .935 .919 .764
900 1.00 3.15 . 0 « .278 .409 .948 .841 553 .035 .256 .500 .915 .880 .766
m o r ta l i ty ,  as m e a s u re d  b y  b eta . T h e  la rg e s t  d iffe re n c e  b etw een  a v a lu e  
e s tim a te d  from  th e  b as ic  tab le  and th e  tru e  w e ig h t is 0 .0 9 7 , w h ic h  is  
u n l ik e ly  to h ave  a s e rio u s  im pact on a fin a l es tim ate  o f a d u lt m o r ta l i ty ,  
as re s u lts  g iv e n  in  C h a p te r  3 in d ic a te . T h e  d iffe re n c e s  show n in  T a b le  
4 .5  a lso  re f le c t  the  e r r o r  in tro d u c e d  b y  u s in g  the  c o rre c tio n  fa c to rs  from  
T a b le  4 .4 ,  and  th u s  c o n firm  th a t th is  e r r o r  is not im p o rta n t. T h e  tru e  
v a lu e s  show n in  T a b le  4 .5  a re  o f c o u rs e  o n ly  a se lec tion  o f a ll th e  w e igh ts  
c a lc u la te d ; the fu ll  ta b u la tio n s , fo r  a fu ll ran g e  o f m eans and a ll  
c e n tra l ages , a re  re p ro d u c e d  in  A p p e n d ix  4 .3 .  W eigh ts  h ave  o n ly  been  
c a lc u la te d  fo r re s p o n d e n t m eans o f 2 0 ,  fo r fem a les , and 25 , fo r  m a le s ,  
b u t it  seems m ost u n l ik e ly  th a t the  re s p o n d e n t m ean w ou ld  be an  
im p o rta n t sou rce  o f v a r ia t io n  w ith  d if fe r e n t  m o rta lity  p a tte rn s , so  
th is  can not be re g a rd e d  as a s e r io u s  d ra w b a c k . It seems safe to  
c o n c lu d e  th a t, a lth o u g h  the w e ig h ts  v a r y  som ew hat w ith  b eta , ' ( 2 ) '  
and  the age d is t r ib u t io n ,  th is  v a r ia t io n  is so sm all that the m e th o d  can  
be re g a rd e d  as f a i r ly  ro b u s t to f lu c tu a tio n s  in  m o rta lity  p a tte rn s  and  
age d is t r ib u t io n s . It is ,  in  fa c t, r a th e r  m ore ro b u s t to chan ges  in  beta 
than  the  o r ig in a l o rp h an h o o d  m e th o d , and is c le a r ly  s u p e r io r  to  the  
som ew hat f r a g ile  e ld e s t  s u r v iv in g  c h ild  d ev e lo p m en t o f tha t m e th o d .
( i i i )  A ssu m p tio n s  ab o u t M a r r ia g e  P a tte rn s .
T w o  m a jo r assum ption s  h ave  b ee n  made about m a rr ia g e  p a t te r n s , one, 
th a t a ll the re s p o n d e n ts ' sex m a r r y  at one ex a c t a g e , and tw o , th a t a ll 
the spouses' sex  g e t m a rr ie d  a c c o rd in g  to the s im p le  p o ly n o m ia ls  
d e s c r ib e d  in  sec tio n  4 . 5 .  T h e  d if f ic u lty  in a v o id in g  the f ir s t  assum ption  
w as e x p la in e d  p a r t ly  in  term s o f a lack  o f s u ita b le  data  on jo in t  ages at 
m a rria g e  o f both  p a r tn e rs ,  and p a r t ly  in term s o f u n ju s t if ia b le  c o m p le x ity .  
Some data  a re  a v a ila b le  from  th e  1911 C ensu s  o f Ire la n d  (R e g is t r a r -  
G e n e ra l o f Ire la n d ;  1913) on m a rr ia g e s  b y  d u ra tio n  and  age o f  b r id e  and  
groom  at m a r r ia g e . T h e  m a rr ia g e s  a re  not, u n fo r tu n a te ly , l im ite d  to f i r s t  
m a rr ia g e s , b u t d iv o rc e  at leas t w o u ld  be u n k n o w n , and s e p a ra tio n s  v e r y
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u n u s u a l;  the  o n ly  im p o rta n t cause o f m a rr ia g e  d is s o lu t io n , and  thu s  
p o s s ib le  r e m a r r ia g e ,  w ou ld  be w id o w h o o d . T h e  d ata  a re  ta b u la te d  b y  f iv e  
y e a r  age g ro u p s  f o r  age at m a r r ia g e , and f iv e  y e a r  d u ra t io n  p e r io d s . It 
is th u s  p o s s ib le  to  fo llow  an a p p ro x im a te  c o h o r t  th ro u g h  th e  y e a rs  w hen  
m ost m a rr ia g e s  o c c u r .  T h o se  m a rr ie d  0 to 4 y e a r s  and  m a r r ie d  a t age 45 
to 49 w e re  aged  4 5  to 54 a t the  tim e o f the c e n s u s , as w e re  those m a rr ie d  
30 to 34 y e a rs  a n d  m a rr ie d  a t age 15 to 19. S in c e  the d a ta  a re  a lso  
ta b u la te d  b y  age g ro u p  o f spouse at m a r r ia g e ,  it is p o s s ib le  to d e r iv e  
m a rr ia g e  ra te s  b y  age o f spouse fo r each a g e  g ro u p  a t m a r r ia g e  o f the  
sex  u n d e r  c o n s id e ra t io n , a n d  s ince  it is m o re  o r  less a c o h o rt w h ic h  is 
fo llo w e d  th ro u g h  the  v a r io u s  tab u la tio n s  fo r d if fe r e n t  d u ra t io n s  o f  
m a r r ia g e , th e re  is  no need  to w o r ry  about th e  e ffects  o f age d is tr ib u t io n  
o r  m o r ta l i ty .  T h e  m a rr ia g e  ra tes  o b ta in e d , b a s e d  on the  45 to 54 c o h o rt, 
a re  show n  in  T a b le  4 .6 .  T h e  ra tes  behave in  ju s t  the  w a y  one w o u ld  e x p e c t, 
th o u g h  th e y  b ecom e som ew hat e r r a t ic  at h ig h e r  ages , w h e re  th e re  a re  few  
m a rr ia g e s  ta k in g  p la c e . T h e  o v e ra ll d is t r ib u t io n  o f m a rr ia g e s  b y  age can 
be o b ta in e d  fro m  the n u m b e r o f m a rria g e s  b e in g  e n te re d  in to  in  each age 
g ro u p , and  is a ls o  show n in T a b le  4 .6  as a  p ro p o rtio n  o f a ll m a rr ia g e s  
e n te re d  in to  b y  those u n d e r  50.
Ir is h  m a r r ia g e  p a tte rn s  fo r the late n in e te e n th  and  e a r ly  tw e n tie th  
c e n tu r ie s  c a n n o t be re g a rd e d  as ty p ic a l o f  d e v e lo p in g  c o u n tr ie s . M a rr ia g e  
w as e x tre m e ly  la te  (th e  s in g u la te  mean a g e  at m a r r ia g e  fo r fem ales  w o rks  
out at 2 7 .8 )  a n d  v e r y  fa r  from  u n iv e rs a l.  H o w e v e r , to c a lc u la te  p ro p o rtio n s  
w id o w e d  b as e d  on these m a rr ia g e  p a t te r n s , and then  to a p p ly  m odel w e ig h ts  
to th e m , w o u ld  tes t two assum ptions of th e  m o d el, these  b e in g  th a t tak in g
a f ix e d  age a t  m a rr ia g e  fo r  resp on den ts  d o e s  not s e r io u s ly  d is to r t  the re s u lts ,  
and  th a t the  m eth o d  is ro b u s t to v a r ia t io n s  in  m a rr ia g e  p a tte rn s .
T h e  c a lc u la t io n s  re q u ire d  to w o rk  o u t  the p ro p o rtio n  w id o w e d  b y  age  
g ro u p  u s in g  m a le  and  fem ale  m a rr ia g e  d is t r ib u t io n s  a re  m uch m ore  e la b o ra te
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(a ) A g e  D is tr ib u tio n  o f H u sb and s  M a r r y in g  W ives  o f G iv e n  A g e  C ro u p
A ge C ro u p  A g e  C ro u p  o f H u sb and
o f W ife
T ab le  4 .6 : M arriage Rates b y  Age Croup o f Each Spouse, Census of
Ire la n d , 1911.
U n d e r 20 20 -2 4 25-29 3 0 -3 4 3 5 -3 9 4 0 -4 4 4 5 -4 9 P ro p o rtio n  
o f a ll
m a rr ia g e s  
w ith in  range
U n d e r 20 .116 .347 .300 .142 .0 7 0 .020 .0 0 5 .092
20 to 24 .017 .270 .299 .228 .1 1 4 .055 .0 1 7 .305
25 to 29 .004 .070 .297 .2 5 0 .2 1 7 .114 .0 4 7 .283
30 to 34 .004 .031 .107 .301 .241 .219 .0 9 7 .179
35 to 39 .005 .019 .062 .1 5 0 .322 .252 .1 9 0 .092
40 to 44 .002 .023 .045 .1 0 4 .1 6 6 .406 .2 5 4 .036
45 to 49 .001 .028 .070 .077 .1 3 9 .220 .4 6 5 .012
(b ) A ge D is tr ib u tio n  o f  W ives M a r r y in g H u sb and s  o f G iv e n  Age C ro u p
Age C ro u p  
o f W ife
A g e  C ro u p  o f W ife
U n d er 20 2 0 -2 4 25 -2 9 3 0 -3 4 3 5 -3 9 4 0 -4 4 4 5 -4 9 P ro p o rtio n  
o f a ll
m a rria g e s  
w ith in  ran g e
U n d e r 20 .567 .3 1 8 .085 .0 2 4 .0 0 5 .001 - .020
20 to 24 .180 .5 8 2 .164 .059 .012 .003 - .150
25 to 29 .087 .3 4 7 .406 .116 .0 3 6 .007 .001 .236
30 to 34 .057 .2 5 3 .316 .272 .072 .025 .004 .226
35 to 39 .049 .1 7 6 .275 .2 4 5 .1 9 6 .045 .014 .179
40 to 44 .031 .1 5 4 .209 .2 4 8 .1 9 5 .139 .024 .125
45 to 49 .010 .0 9 3 .225 .213 .231 .118 .110 .064
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(a ) A g e  D is tr ib u t io n  o f H u sb a n d s  M a r ry in g  W iv e s  o f G iv e n  A g e  C ro u p
A g e  C r o u p  A g e  C ro u p  o f H u sb an d
T ab le  4 .6 :  M a rria g e  Rates by Age C roup of Each Spouse, Census of
Ire la n d , 1911.
o f W ife
U n d e r 20 2 0 -2 4 2 5 -2 9 3 0 -3 4 3 5 -3 9 4 0 -4 4 4 5 -4 9 P ro p o rtio n  
o f a ll
m a rr ia g e s  
w ith in  ra n g e
U n d e r  20 .116 .347 .300 .142 .0 7 0 .020 .005 .092
20 to 2 4 .017 .270 .299 .228 .1 1 4 .0 5 5 .017 .305
25 to 2 9 .0 0 4 .070 .297 .250 .2 1 7 .1 1 4 .047 .283
30 to 3 4 .0 0 4 .031 .1 0 7 .301 .241 .2 1 9 .097 .179
35 to 3 9 .005 .019 .062 .150 .322 .252 .1 9 0 .092
40 to 4 4 .002 .023 .045 .104 .1 6 6 .4 0 6 .2 5 4 .036
45 to  49 .001 .0 2 8 .070 .077 .1 3 9 .220 .465 .012
(b ) A ge D is tr ib u t io n  o f W ives M a r ry in g H u sb a n d s  o f G iv e n  A g e  C ro u p
A g e  C r o u p  
o f W ife
A g e  C ro u p  o f W ife
U n d e r 20 2 0 -2 4 2 5 -2 9 3 0 -3 4 3 5 -3 9 4 0 -4 4 4 5 -4 9 P ro p o rtio n  
o f a ll
m a rr ia g e s  
w ith in  ra n g e
U n d e r  20 .567 .3 1 8 .0 8 5 .024 .0 0 5 .001 - .020
20 to  24 .1 8 0 . 582 .1 6 4 .059 .012 .0 0 3 - .1 5 0
25 to  29 .0 8 7 .3 4 7 .4 0 6 .116 .0 3 6 .0 0 7 .001 .2 3 6
30 to  34 .0 5 7 .2 5 3 .3 1 6 .272 .072 .0 2 5 .0 0 4 .2 2 6
35 to  39 .0 4 9 .1 7 6 .2 7 5 .245 .1 9 6 .0 4 5 .0 1 4 .1 7 9
40 to  44 .031 .1 5 4 .2 0 9 .248 .1 9 5 .1 3 9 .0 2 4 .1 2 5
45 to  49 .010 .093 .2 2 5 .213 .231 .1 1 8 .110 .0 6 4
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than  those re q u ir e d  if  one d is tr ib u t io n  is con ce n tra te d  a t its m e a n . A 
c o m p u te r  p ro g ra m m e  w as d ev e lo p e d  out o f the o r ig in a l p ro g ra m m e  W IDOW , to 
p e r fo rm  the  n e c e s s a ry  c a lc u la tio n s , b u t the o u tp u t w as the p ro p o rt io n  
w id o w e d  b y  age g ro u p  ra th e r  than  a w e ig h t fo r  a c e n tra l p o in t o f  two age 
g r o u p s . T h e  co m pu tation s  in v o lv e d  w i l l  be d e s c r ib e d  in  term s o f  fem ale  
re s p o n d e n ts , tho ug h  th e y  a re  e x a c tly  the same fo r m ale  re s p o n d e n ts . T h e  
s ta r t in g  p o in t is the  fem ale  m a rr ia g e  d is t r ib u t io n , in te rp o la te d  in to  
ra te s  fo r 2}  y e a r  age g ro u p s , and s e ven  m ale  m a rr ia g e  d is t r ib u t io n s , one 
fo r  each  f iv e  y e a r  age g ro u p  o f w ife  at m a r r ia g e , and  the s ta n d a rd  B rass  
m o rta l i ty  m odel w ith  beta e q u a l to 1 .0  and I e q u a l to 8 0 0 . T h e
m a r r ia g e  d is tr ib u t io n s  w e re  a ll tra n s p o s e d  to f iv e  y e a rs  y o u n g e r  
th a n  re c o rd e d , to b r in g  the  c a lcu la te d  p ro p o rtio n s  w id o w e d  w ith in  the  
ra n g e  o f the w e ig h ts  c a lc u la te d  b y  the  o r ig in a l W IDOW  p ro g ra m m e . T h e  
p r o b a b i l i ty  o f not b e in g  w id o w e d  b y  e x p o s u re  to r is k  in  2$ y e a r  
in te r v a ls  w as then  c a lc u la te d  fo r each  o f the m ale m a rr ia g e  d is tr ib u t io n s .
T h e  fem ale  m a rr ia g e  d is tr ib u t io n  w as th e n  used to c a lc u la te  the  
d is t r ib u t io n  b y  e x p o s u re  to r is k  o f e v e r  m a rr ie d  w om en o f a g iv e n  age.
I f  the m a rr ia g e  ra te  fo r  fem ales aged  10 to 12} is f^ , the  
p ro p o r t io n  m a rr ie d  b y  age 12} is 2 .5 ^ ;  th e ir  m ean e x p o s u re  to r is k  
o f  w id o w h o o d  is a p p ro x im a te ly  1 .2 5  y e a rs , the  e x a c t f ig u re  d e p e n d in g  
u po n  the  shape o f the m a rr ia g e  d is t r ib u t io n .  By age  15, th e s e  women w ill 
h a v e  been expo sed  to r is k  fo r a n o th e r 2}  y e a rs , and  those m a rr ie d  betw een  
12 }  and  15, n u m b e rin g  2 .5 f2 , w i l l  have  been expo sed  to r is k  for 
a b o u t 1 .2 5  y e a r s .  T h e  r is k  o f w ido w ho od  fo r these tw o  g ro u p s  w ill  be 
th a t c a lc u la te d  from  the  f ir s t  m ale m a rr ia g e  d is t r ib u t io n , th a t m a rry in g  
th e  y o u n g e s t age g ro u p  o f fem a le s . B y age 1 7 }, the  f ir s t  g ro u p  w ill  have  
been  expo sed  fo r ab o u t 6 .2 5  y e a r s ,  the second g ro u p  fo r a b o u t 3 .7 5  y e a rs ,  
and  a th ir d  g ro u p , n u m b e rin g  2 . 5 f , ,  w il l  have  been exp o s ed  for 
about 1 .2 5  y e a r s .  T h is  th ir d  g ro u p , h o w e v e r , w il l  h ave  m a r r ie d  males  
d is tr ib u te d  b y  age a c c o rd in g  to the second m ale m a rr ia g e  d is t r ib u t io n ,  
g iv in g  a d if fe re n t  p ro b a b il i ty  o f w idow hood  fo r each  e x p o s u re  to r is k
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(an d  g e n e r a l ly  a h ig h e r  p ro b a b il i ty ,  s in c e  the  a g e  at m a rr ia g e  fo r  th is  
g ro u p  o f m a les  is som ew hat h ig h e r ) .  In  th is  w a y , it is p o s s ib le  to b u ild  
u p  a n u m b e r o f fem ales m a r r ie d , and a n u m b e r w id o w e d , a t each exact ag e . 
A s long as m o rta lity  is not re la te d  to m a r ita l s ta tu s , th e re  is  no need  
to c o n s id e r m o rta lity  am ongst the  wom en at th is  s ta g e , s ince  at each  
p o in t the w om en a re  a ll the same a g e , a lth o u g h  som e have  been m a rr ie d  
lo n g e r th a n  o th e rs . T h e  p ro gram m e d e v e lo p e d , c a lle d  W IDO W 1, c a rr ie d  out 
a ll the n e c e s s a ry  a ccum ula tio ns  at each s ta g e , a n d  c a lcu la te d  the  
p ro p o rt io n  w id o w e d  at each p o in t ag e .
In p ra c t ic e ,  a ra th e r  m ore so p h is tica ted  p ro c e d u re  w as adopted fo r  
the e x p o s u re  to r is k  o f the ju s t  m a r r ie d  age g ro u p  than  assum ing  th a t it 
w as a lw a y s  1 .2 5  y e a rs .  F o r th is , the o r ig in a l fem a le  m a rr ia g e  fun ctio n  
w as u s e d , even  though  it b e a rs  litt le  re s e m b la n c e  to the Ir is h  m a rr ia g e  
p a tte r n . T h e  fem ale m a rr ia g e  fun ctio n  is
i  U
f ( t )  = t (30 -  t)
and i f  th is  is in te g ra te d , e v a lu a te d  a t 2 i  y e a r  in te rv a ls ,  and each  
s u b tra c te d  from  the  re s u lt  fo r  one in te rv a l la t e r ,  it s im u lates  m a rr ia g e  
ra te s  o v e r  2i  y e a r  in te rv a ls .  I f  the fu n c tio n  is  in te g ra te d  a g a in , and  
the same o p e ra tio n s  a re  c a r r ie d  o u t, it  s im u la te s  person  y e a rs  liv e d  e v e r  
m a r r ie d  in  21 y e a r  in te rv a ls .  In an y  2 i  y e a r  a g e  g ro u p , the p erson  y e a rs  
liv e d  e v e r  m a r r ie d  in th a t age g ro u p  b y  p e rs o n s  m a rr ie d  befo re  the s ta r t  
of the  in te rv a l can be o b ta in ed  as the n u m b e r m a rr ie d  b y  the lo w e r  
b o u n d a ry  o f the in te rv a l m u lt ip lie d  b y  2i ;  i f  th is  is s u b tra c te d  from  
p ers o n  y e a rs  liv e d  e v e r  m a rr ie d  b y  e v e ry o n e  d u r in g  the  age g ro u p , the  
re s u lt  is the p erso n  y e a rs  liv e d  b y  those m a r r y in g  d u r in g  the age  
g ro u p , and  i f  th is  is d iv id e d  by the  n u m b e r m a r ry in g  d u r in g  the age  
g ro u p , the re s u lt  is the a v e ra g e  n u m b e r o f y e a rs  liv e d  m a rrie d  in  the  
age g ro u p  b y  those p e o p le , o r in  o th e r  w o r d s , the m ean exp o su re  to r is k  
of w id o w h o o d . T h e  n ec e s s a ry  c a lc u la tio n s  w e r e  c a rr ie d  out fo r  fem ale a n d
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m ale m a rr ia g e  d is t r ib u t io n s , an d  the re s u lts , e x p re s s e d  as p ro p o rt io n s  
o f fu l l  in te r v a ls  o f 2J y e a r s ,  a r e  show n in  T a b le  4 .7 .  W h e re  the  
m a rr ia g e  ra te  is in c re a s in g , th e  m ean e x p o s u re  to r is k  w i l l  be s h o r te r  
th a n  h a lf  an in te r v a l ,  an d  w h e re  the ra te  is d e c re a s in g  it  w i l l  be lo n g e r  
th a n  h a lf  an in te r v a l .  T h is  is b o rn e  out b y  the re s u lts  in  T a b le  4 .7 .
U s in g  these  e x p o s u re  fac to rs  is th e o re tic a lly  m ore s a t is fa c to ry  than  
u s in g  a s tr a ig h tfo rw a rd  m id  p o in t ,  b u t th e  im pact on th e  re s u lts  is 
n e g l ig ib le .
O nce  the p ro p o rtio n s  not w id o w e d  at p o in t ages o f  re s p o n d e n t had  
b een  c a lc u la te d , th e y  w e re  w e ig h te d  b y  s u ita b le  age d is t r ib u t io n  fac to rs  
to e s tim a te  th e  p ro p o rtio n s  not w id o w ed  b y  age g ro u p s  o f re s p o n d e n ts , the  
ra te  o f p o p u la tio n  g ro w th  u se d  b e in g  tw o  p e r  c e n t. T h e  re s u lt in g  
p ro p o rt io n s  a re  o f c o u rs e  in  no  w a y  estim ates  o f the  a c tu a l I r is h  s itu a tio n , 
s in c e  the  m o rta lity  s c h e d u le  a n d  g ro w th  ra te  w e re  c h o s e n  to be c o m p a tib le  
w ith  th e  o r ig in a l W IDO W  m odel ra th e r  than  to re p re s e n t  the  Ir is h  p o p u la tio n  
u p  to 1911. T h e  re s u lt in g  p ro p o r t io n s , to g e th e r w ith  th e  f it t in g  m eans  
r e q u ir e d ,  a re  show n in  T a b le  4 .8 .  A ls o  show n in T a b le  4 .8  a re  the  l ife  
ta b le  fu n c tio n s  e s tim a te d  fro m  these p ro p o rtio n s , u s in g  the  s ta n d a rd  
w e ig h ts  p re s e n te d  e a r l ie r ,  a n d  the life  tab le  fu n c tio n s  im p lie d  b y  the  
m o rta lity  m o d e l. It can  be se e n  th a t m o rta lity  e s tim a te d  fro m  fem ale  
re s p o n d e n ts  is o v e re s tim a te d  fo r the tw o  yo u n g e s t c e n tr a l  a g e s , b u t is  
th e re a f te r  v e r y  c lose  to the th e o re tic a l v a lu e . T h e  s itu a tio n  is not q u ite  
so s a tis fa c to ry  fo r  m ale  re s p o n d e n ts . T h e  m o rta lity  e s tim a te  is 
s u b s ta n tia lly  too h ig h  up to a c e n tra l age o f 35 , a n d  fo r o ld e r  ages it  
is c o n s is te n tly  h ig h e r  than  th e  e x p e c ted  v a lu e , th o u g h  b e in g  q u ite  c lose  
to i t .  It has a lre a d y  been m en tio n ed  th a t the e s tim a te s  fo r  the f i r s t  
tw o  c e n tra l ages a re  l ik e ly  to be s e r io u s ly  a ffe c te d  b y  the assum ption  
of a f ix e d  age at m a r r ia g e  fo r  re s p o n d e n ts , and th a t  these re s u lts  
s h o u ld  be tre a te d  w ith  c a u t io n . T h e  poor re s u lts  f o r  these ages  is not  
too s e rio u s  th e re fo r e .  It is in te re s t in g  to note th a t in  both  cases the
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f i r s t  c e n tra l  age estim ates an in v e rs e  s u r v iv o rs h ip  ra t io , and  s till 
g iv e s  a n o t u nrea s o n a b le  m o rta lity  e s tim a te . T h e s e  re s u lts  co n firm  th a t  
w id o w h o o d  is lik e ly  to be ra th e r  m o re  s a tis fa c to ry  fo r  es tim a tin g  m ale  
m o rta lity  th a n  fo r es tim atin g  fem ale m o r ta l i ty .  T h is  is la rg e ly  because  
the a s s u m p tio n  of a f ixe d  age at m a r r ia g e  fo r resp on den ts  is m ore  
s a tis fa c to ry  for fem ales than m ales .
T h is  in  fact, is a v e ry  severe  te s t .  Not o n ly  is the assum ption  o f 
a f ix e d  a g e  at m a rria g e  fo r re s p o n d e n ts  aban do ned , b u t the  d is tr ib u tio n s  
used to re p la c e  it have  a v e ry  w id e  s p re a d ; thus fo r fem a le s , the mean  
age a t m a r r ia g e  comes n e a r ly  13 y e a r s  a fte r the age at w h ic h  m a rr ia g e  
s ta r ts , com pared  w ith  less than  s e v e n  y e a rs  fo r the  s im p le  m a rr ia g e  
m odel d e s c r ib e d  in  section 4 .5 .  T h e  Ir is h  m a rr ia g e  p a tte rn s  a re  
c e r ta in ly  m uch less sharp  than  a n y  o f  the m a rr ia g e  d is tr ib u t io n s  from  
d e v e lo p in g  co u n trie s  shown in T a b le  4 . 1. T h is  sug gests  th a t the  
w id o w h o o d  method is s u r p r is in g ly  ro b u s t to v a r ia t io n s  in  m a rr ia g e  
p a t te r n s , and th a t the s im p lify in g  assum ption s  do not s e r io u s ly  d is to r t  
re s u lts .  I f  no snags a ris e  w ith  d a ta  c o lle c tio n , the  a n a ly s is  of 
w id o w h o o d  data should  be m ore s a tis fa c to ry  than  the a lte rn a t iv e  in d ire c t  
a p p ro a c h e s .
T a b le  4 .7 :  M ean E xposure  to R is k , As P ro p o rtio n  o f F u ll In te rv a l,  
O f T hose M a r ry in g  B etw een  T w o  A g es .
T h o s e  M a r ry in g  
B e tw e e n  t 
and  t + 2*
V a lu e  of t
0 2 i  5 7 i  10 12* 15 1 7 i 20 2 2 *  25 2
F em ale  M a rria g e s  .454  .514  .5 2 4  .531 .538  .545  .5 5 4  .564  .572 ( .5 8 )  ( . 5 9 ) ( .  
M ale  M a rr ia g e s .418  .495  .5 1 0  .517  .5 2 4  .531 .5 3 9  .549  .564  .5 8 4  ( . 5 9 ) ( .
F ig u r e s  in b ra c k e ts  ind ica te  tho se  w h ich  cou ld  not be ca lcu la ted  
s a tis fa c to r ily  at the accu racy  le v e l u sed .
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T a b le  4 .8 :  P ro p o r t io n s  W id ow ed  B ased  on  Ir is h  M a r r ia g e  P a tte rn s
Fem ale R espo nd ents  M a le  R espo nd ents
A y e  G ro u p P ro p o r tio n E stim ated M odel P ro p o rtio n E stim ated M odel
o f n o t
1 (N +5) ' (N +5)
not
1 (N -5 ) ' (N -5 )
R espondents W id o w ed W idow ed
15 to 19 0 .9 7 9
0 .6 6 7 0 .6 7 3
0 .9 8 5
20 to 24 0 .9 6 1  |
0 .631 0 .6 4 2
0 .9 7 0
0 .691 0 .7 0 4
25 to 29 0 .9 3 4
0 .6 0 8 0 .6 1 2
0 .9 5 1 ;
0 .6 4 8 0 .6 7 3
30 to 34 0 .8 9 7  :
0 .5 8 3 0 .5 7 9
0 .9 2 7 *
0 .6 2 7 0 .6 4 2
35 to 39 0 .8 5 0  :
0 .5 4 9 0 .5 4 3
0 .8 9 8
0 .6 0 3 0 .6 1 2
40 to 44 0 .7 9 0  |
0 .5 0 7 0 .5 0 0
0 .8 5 9  1
0 .5 7 4 0 .5 7 9
45 to 49 0 .7 2 0  '
0 .4 5 5 0 .4 4 8
0 .8 1 4
0 .5 3 7 0 .5 4 3
50 to 54 0 .6 3 6  :
0 .3 9 4 0 .3 8 6
0 .7 5 4  *
0 .491 0 .5 0 0
55 to 59 0 .5 3 7  |
0 .3 2 0 0 .3 11
0 .6 8 4  |
0 .4 3 6 0 .4 4 8
60 to 64 0 .4 2 8 0 .6 0 2  ;
0 .3 7 2 0 .3 8 6
65 to 69 0 .5 0 7
D is tr ib u tio n (R e s p o n d e n t's ) M ean 22 .8 2 7 .6 4
P opu lation  (S p o u s e 's )  M ean 2 5 .7 21.20
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In  one m in o r re s p e c t , the above is not a v e ry  s e a rc h in g  te s t. F o r  
fem ale  re s p o n d e n ts , the  fem ale m a rr ia g e  m ean w o rk s  o u t at 22.8  y e a rs ,  
and  th is  f ig u re  is used  to in te rp o la te  in to  T a b le  4 .4  to o b ta in  a 
c o rre c t io n  to add  to the w e ig h t o b ta in ed  from  T a b le  4 .2  (b ) . T h is  
c o rre c t io n  is not la rg e , because the  c o rre c tio n s  a re  based  on a m ean of 
22 y e a r s ,  and  the  scope fo r e r r o r  in th is  c o rre c tio n  is not la rg e  e ith e r .  
T a b le  4 .9  show s es tim a te d  and tru e  w e ig h ts  fo r a v a r ie ty  o f m ean s , to 
in d ic a te  the s ize  o f the  e r r o r  in tro d u c e d  b y  u s in g  the  s im p le  m ethod of 
c o rre c t io n  s u g g e s te d . No e r r o r  exceeds .045  , and  th o u g h  the e r r o r s  d o , 
on a v e ra g e , in c re a s e  w ith  age o f re s p o n d e n t, the  a b s o lu te  s ize  o f the  
e r r o r s  is s t i l l  sm all en o ug h  to g iv e  r is e  to no o b je c tio n  to u s in g  
w e ig h ts  up  to a c e n tra l age o f 6 0 . C o n s id e r in g  the  g re a t  s im p lific a tio n  
in  a p p ly in g  the  m ethod  th a t re s u lts  from  u s in g  these  c o rre c tio n s , the  
s ize  o f the  e r r o r  in tro d u c e d  is not s e rio u s .
T h e  s im p lify in g  assum ption  th a t a ll re s p o n d e n ts  g e t m a rr ie d  at one  
e x a c t age has tw o  p r in c ip a l e ffe c ts . T h e  e x p o s u re  to r is k  is a ffe c te d , 
p a r t ic u la r ly  fo r  y o u n g  re s p o n d e n ts , and  no accou nt is taken  o f the  
re la t io n s h ip  b e tw e e n  m ale and  fem ale ages at m a r r ia g e . I f  a ll fem ale  
m a rr ia g e s  a re  assum ed  to take  p lace  a t the s in g u la te  m ean age at m a r r ia g e ,
2 2 .8  y e a rs  in  the a d ju s te d  Ir is h  m a rr ia g e  p a tte rn  a lre a d y  d e s c r ib e d , a ll 
those aged  23 , 24 a n d  25 h ave  been exposed  to the  r is k  o f w idow hood  s ince  
th e y  re a c h ed  2 2 .8 .  In  fac t, h o w e v e r, the fem ale  m a rr ia g e  d is tr ib u t io n  
c o n tin u e s  on b ey o n d  25 , so th a t the m ean age o f those m a r ry in g  befo re  
25 is less than  2 2 .8 .  T h u s  the  mean e x p o s u re  to r is k  o f w idow hood  in  
the  20 to 24 age g ro u p  is lo n g e r than  the m odel w o u ld  s u g g e s t, and  
the p ro p o rtio n s  w id o w e d  c o rre s p o n d in g ly  h ig h e r .  T h is  accounts fo r  
the  h ig h  m o rta lity  es tim ates  o b ta in ed  fo r the I5 to 19 and 20 to 24 age  
g ro u p s  in  T a b le  4 .8 .
In  one m in o r re s p e c t, the above  is  not a v e ry  s e a rc h in g  te s t . F o r  
fem ale  re s p o n d e n ts , th e  fem ale m a rr ia g e  mean w o rk s  out at 22 .8  y e a rs ,  
and  th is  f ig u re  is u sed  to in te rp o la te  in to  T a b le  4 .4  to o b ta in  a 
c o r re c t io n  to add to th e  w e ig h t o b ta in e d  from  T a b le  4 .2  (b ) . T h is  
c o rre c t io n  is not la rg e , because the  c o rre c tio n s  a re  based on a m ean of 
22 y e a r s ,  and the scope fo r e r r o r  in  th is  c o rre c tio n  is not la rg e  e ith e r .  
T a b le  4 .9  shows e s tim ated  and tru e  w e ig h ts  fo r a v a r ie ty  o f m e a n s , to 
in d ic a te  the s ize  o f the  e r r o r  in tro d u c e d  b y  u s in g  the  s im p le  m etho d  of 
c o rre c t io n  su g g e s te d . No e r r o r  ex c ee d s  .045  , and  though the e r r o r s  do, 
on a v e ra g e , in c re a s e  w ith  age o f re s p o n d e n t, the abso lu te  s ize  o f  the  
e r r o r s  is s till sm all enough  to g iv e  r is e  to no o b jec tio n  to u s in g  
w e ig h ts  up to a c e n tra l age o f 60 . C o n s id e r in g  the g re a t  s im p lif ic a tio n  
in  a p p ly in g  the m ethod  th a t re s u lts  from  u s in g  these c o r re c t io n s , the  
s ize  o f the e r r o r  in tro d u c e d  is not s e r io u s .
T h e  s im p lify in g  assum ption  th a t  a ll resp o n d en ts  g e t m a r r ie d  at one 
e x a c t age has two p r in c ip a l e ffe c ts . T h e  e x p o s u re  to r is k  is a ffe c te d , 
p a r t ic u la r ly  fo r y o u n g  re s p o n d e n ts , and no accou nt is taken  o f  the 
re la t io n s h ip  b e tw e e n  m ale and fem a le  ages at m a r r ia g e . I f  a ll fem ale  
m a rr ia g e s  a re  assum ed  to take  p la c e  at the s in g u la te  m ean age  at m a rr ia g e ,
2 2 .8  y e a rs  in the a d ju s te d  Ir is h  m a rr ia g e  p a tte rn  a lre a d y  d e s c r ib e d , a ll 
those aged 23 , 24 and  25 have b ee n  exposed  to the r is k  o f w ido w ho od  since  
th e y  reach ed  2 2 .8 .  In  fac t, h o w e v e r , the fem ale m a rr ia g e  d is tr ib u t io n  
co n tin u e s  on b ey o n d  25 , so th a t th e  mean age o f those m a r r y in g  before  
25 is less than  2 2 .8 .  T h u s  the m ean ex p o s u re  to r is k  o f w id o w h o o d  in  
the 20 to 24 age g ro u p  is lo n g e r than  the model w ou ld  s u g g e s t, and  
the p ro p o rtio n s  w id o w e d  c o rre s p o n d in g ly  h ig h e r .  T h is  accounts  fo r 
the h ig h  m o rta lity  estim ates  o b ta in e d  fo r the 15 to 19 and 20 to 24 age  





Table 4.9: Error Introduced into Weights by use of Correction Factors
E s t i m a t i n g
E q u a t io n M e a n
( a )  F e m a le  R e s p o n d e n ts  
1 5
1 ( N + 5 ) / 1 ( 2 2 j )




( b )  M a le  R e s p o n d e n ts  
20
l ( N - 5 ) / 1 ( 1 7 j )









Est. True Est. True Est.
1 9 0 . 8 5 7 0 . 8 5 4 0 . 7 7 4 0 . 7 7 9 0 . 4 5 2
2 4 1 . 0 3 4 1 . 0 3 0 1 . 2 4 5 1 . 2 0 4 1 . 3 1 5
2 3 - 0 . 0 1 0 - 0 . 0 0 7 - 0 . 1 5 8 - 0 . 1 4 7 - 0 . 1 5 2
2 7 0 . 0 9 8 0 . 0 9 3 0 . 4 9 7 0 . 5 0 9 0 . 7 9 9
2 3 0 . 9 4 2
3 0
0 . 9 4 0 0 . 6 9 0
4 5
0 . 6 9 3 0 . 3 2 5
2 7 1.035 1 . 0 2 6 1 . 0 9 0 1 . 0 6 5 0 . 9 9 3
2 7 - 0 . 2 3 5 - 0 . 2 3 2 0 . 2 9 0 0 . 2 9 7 0 . 1 9 3
3 0 - 0 . 3 1 1 - 0 . 3 1 0 0 . 5 8 2 0 . 6 0 1 0 . 6 6 9
1 5 0 . 7 1 3 0 . 7 1 3 0 . 7 1 1 0 . 7 1 9 0 . 6 4 8
2 0 1 . 0 1 9 1 . 0 1 8 1 . 2 1 6 1 . 1 8 4 1 . 4 2 1
1 8 - 0 . 0 7 6 - 0 . 0 8 5 0 . 0 3 4 0 . 0 2 0 0 . 1 3 3
2 3 0 . 1 0 5 0 . 1 0 3 0 . 4 4 8 0 . 4 5 5 0 . 8 1 3




0 . 7 4 7 0 . 4 5 7
2 3 1 . 0 1 3 1 . 0 1 0 1 . 0 9 2 1 . 0 7 4 1 . 1 6 0
2 0 - 0 . 1 2 3 - 0 . 1 2 3 - 0 . 1 0 2 - 0 . 0 9 3 - 0 . 0 4 3





0 . 4 7 8
1 . 3 0 4
- 0 . 1 4 5
0 . 8 0 6
0 . 3 4 5
0 . 9 8 5
0 . 1 8 8
0 . 6 7 6
0.666
1 . 3 6 9
0 . 1 1 8
0 . 8 4 3
0 . 4 7 7
1.134
- 0 . 0 7 1
0 . 4 9 6
A b ove  th e  age at w h ic h  f ir s t  m a rria g e s  o c c u r, th e  b ias in tro d u c e d  
b y  the s im p lify in g 'a s s u m p tio n  is much m ore d i f f ic u l t  to assess. I f  
i t  is s till  assum ed  th a t  th e re  is no re la tio n  betw een  ag e  of h u sb an d  and  
age of w ife , th e re  is o n ly  one w idow hood function  in v o lv e d . I f  th is  
fu n c tio n  in c re a s e s  a p p ro x im a te ly  l in e a r ly  w ith  e x p o s u re  to r is k ,  as is 
l ik e ly  fo r y o u n g e r  ag e  g ro u p s , the b ias in tro d u c e d  b y  tak in g  a ll  
e x p o s u re s  fro m  the m ean age at f i r s t  m a rria g e  w i l l  be sm a ll. T h e  actual 
d ire c tio n  o f the  b ias  w i l l  depend  c r it ic a l ly  upon th e  shape o f the  w idow hood  
fu n c tio n , a n d  on the  skew ness o f the expo sure  to r is k  fu n c tio n , the  
in v e rs e  o f th e  f i r s t  m a rr ia g e  fu n c tio n . It seems l i k e ly  that i f  m o rta lity  
ra tes  a re  r is in g  v e r y  ra p id ly  w ith  age , w id o w h o o d  w ill be o v e re s tim a te d  
b y  the s im p lify in g  a ssu m p tio n . I f  wom en aged 80 w h o  all got m a rr ie d  at 
age 20 to m en in  the  age ran g e  15 to 35 a re  c o n s id e re d , the h usban ds  
s u r v iv in g  w o u ld  be aged  75 to 95 . I f  the same w o m e n  had m a rr ie d  at a 
ran ge  o f ages from  1 5 to 30 , the ran ge  o f the h u s b a n d s ' ages w o u ld  be 
70 to 105 . I f  m o r ta lity  w e re  m uch lo w e r at 70 th a n  a t 75, th is  w ou ld  
suggest m o re  s u r v iv in g  husbands in the la tte r c a s e . T h e  p o s itiv e  
skew ness im p lie d  b y  the suggested  fem ale m a r r ia g e  range red u ces  the  
effect h o w e v e r , a n d  the n u m b er o f wom en s u r v iv in g  to age 80 w ould  have  
to be v e r y  sm all in d e e d . A s im ila r  conclusion  c a n  be reached  b y  in tro d u c in g  
a fu r th e r  s im p lif ic a tio n , o f assum ing a s in g le  m a le  age at m a r r ia g e , and  
c o m p a rin g  the p ro p o rtio n s  w idow ed  u sin g  a f ix e d  age at fem ale  m a rr ia g e ,  
o r a d is tr ib u t io n  o f  ages . I f  women m a rry  men o f  25 at 20 , th e  p ro p o rtio n
of w om en aged  A  who a re  not w idow ed  w ill b e  I ^ +^ j / l  ^ 5) • ^  
wom en m a r r y  at a ran g e  o f ages from  15 to 30 , b u t  mean 20 , the p ro p o rtio n
sizes o f these p ro p o rtio n s  w il l  depend  on the m o r ta l i ty  p a tte rn  and on the  
skew n ess  o f f ( t )  , the fem ale m a rria g e  d is t r ib u t io n .
T h e  second e ffe c t comes about from  the r e la t io n  b etw een  ages of 
h u sb an d s  and w iv e s ; young  tend to m a rry  y o u n g ,  old to m a r ry  o ld . For 
w iv e s  o f a g iv e n  a g e , the ones w ith  long e x p o s u re s  to r is k  w il l  have
not w id o w e d  at ag e  A d t .  T h e  re la t iv e
136
r e la t iv e ly  you ng  h usban ds , th e  ones  w ith  s h o rt  e x p o s u re s  to r is k  
r e la t iv e ly  o ld  h u s b a n d s . T h e  lo n g  e x p o s u re s , assoc ia ted  w ith  lo w e r  
r is k s  p e r  u n it  o f e x p o s u re , a re  c o n c e n tra te d  in  a n a r ro w  ra n g e  b e fo re  
the m e a n , w h e re a s  the s h o rt, h ig h e r  r is k  e x p o s u re s  a re  s p re a d  out o v e r  
a w id e  ran g e  a fte r  the m ean . B e c a u s e  of th is ,  the s im p lify in g  assum ption  
w ill  te n d  to o v e re s tim a te  w id o w h o o d  in the m o d e l.
T h u s  the s im p lify in g  a s s u m p tio n  g iv e s  r is e  to a s u b s ta n tia l d o w n w a rd  
b ia s  in  model w idow hood  th r o u g h  an e x p o s u re  to r is k  e ffec t fo r  age g ro u p s  
in  w h ic h  fem ale f irs t  m a rr ia g e s  a re  ta k in g  p la c e . In  la te r  age g ro u p s  th e  e x p o s u re  
to r is k  e ffec t is o f u n c e rta in  d ir e c t io n  and  g e n e ra lly  s m a ll. T h e  jo in t  ages  
at m a r r ia g e  e ffe c t leads to an  e x a g g e ra tio n  o f m odel w id o w h o o d , tho ug h  
n o t on the  same scale as the tru n c a tio n  e ffe c t red u c e s  it e a r ly  o n . T h e  
I r is h  m a rr ia g e  p a tte rn s  s h o u ld  e x a g g e ra te  a n y  e x is t in g  b ia s , so the  
s a tis fa c to ry  re s u lts  shown in  T a b le  4 .8  su g g e s t th a t o n ly  the  tru n c a tio n  
e ffe c t  is q u a n tita t iv e ly  im p o r ta n t .
( i v )  F ir s t  M a rr ia g e s  as O p p o s e d  to A ll M a r r ia g e s .
W hen a s u rv e y  q u es tio n  is  d e s ig n e d , a m b ig u ity  in h e re n t  in the  
q u e s tio n  has to be red u ced  to  a m in im u m , s ince  m o re  than eno ug h  a m b ig u ity  
w i l l  be in tro d u c e d  b y  the in te r v ie w e r  and  re s p o n d e n t. T h u s  in  a q u e s tio n  
a b o u t w id o w h o o d , one p a r t ic u la r  m a rr ia g e  needs to be s p e c if ie d , an d  the  
f i r s t  is the o b v io u s  c h o ice , h a v in g  the  la rg e s t c o v e ra g e . S u rv e y  q u e s tio n s  
on m a rita l s ta tus  o n ly  y ie ld  f i r s t  m a rr ia g e  d is t r ib u t io n s , fro m  a n a ly s is  of 
p ro p o rtio n s  s in g le , and th is  is  an o th e r a d v a n ta g e  o f u s in g  f i r s t  m a rr ia g e s .  
H o w e v e r , a d if f ic u lty  in th is  is th a t th o u g h  a re s p o n d e n t m ay re p o r t  on the  
s u r v iv a l o f f i r s t  spouse, th e  re s p o n d e n t m ay not be th a t spo use 's  f i r s t  
sp o u s e . T h u s  the age at m a r r ia g e  d is tr ib u t io n  re q u ir e d  is not th a t o f f i r s t  
m a rr ia g e s , b u t o f a ll m a r r ia g e s  to s in g le  p a r tn e r s ,  in fo rm atio n  w h ic h  is 
r a r e ly  a v a ila b le . In v ie w  o f  the  ro b us tness  of the  w idow hood  p ro c e d u re  to 
v a r ia t io n s  in  m a rria g e  p a t te r n s ,  it seems u n l ik e ly  th a t th is  sho u ld  be too
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im p o r ta n t. T h e  age a t m a r r ia g e  d is tr ib u t io n  o f those m a r ry in g  s in g le  
p a r tn e rs  w i l l  be less p ea k e d  th a n  the f i r s t  m a rr ia g e  d is t r ib u t io n , b u t w ill  
be less d is p e r s e d  th a n  the a ll m a r r ia g e  d is t r ib u t io n , s ince  a h ig h e r  p ro p o rtio n  
of those m a r r y in g  s in g le  p a r tn e rs  a re  th em se lves  s in g le  than o f those m a rry in g  
re g a rd le s s  o f  m a r ita l s ta tus  o f p a r tn e r .
Some d a ta  on th is  a re  a v a ila b le  fo r E n g la n d  and  W ales , w ith  the c u r re n t  
y e a r 's  m a r r ia g e s  ta b u la te d  b y  th e  m a r ita l s ta tu s  o f bo th  b r id e  and  groom  
(R e p o rt o f  th e  R e g is t ra r -G e n e r a l;  1971) . T a b le  9 .1 0  shows the age  
d is t r ib u t io n  fo r  m a rr ia g e s  o f s in g le  to s in g le , s in g le  to a l l ,  and  a ll to a l l ,  
fo r both  s e x e s . T h is  c o n firm s  th a t the age a t m a r r ia g e  d is tr ib u t io n  fo r  
m a r r ia g e s  o f s in g le  p eo p le  to p eo p le  o f a n y  m a r ita l s ta tus  does lie  betw een  
the age d is t r ib u t io n s  fo r s in g le  to s in g le  and  a ll to a ll m a r r ia g e s , and  shows  
th a t it  is  m u ch  c lo s e r to the  s in g le  to s in g le  d is t r ib u t io n . T h e  ra tes  show n  
a re  o f c o u rs e  fo r m a rr ia g e s  o c c u rr in g  in a y e a r ,  and  a re  thus age  
d is t r ib u t io n  d e p e n d e n t, b u t th is  w il l  not a ffe c t the  o v e ra ll co n c lu s io n s .
G iv e n  th a t  th e  w id o w h o o d  m ethod  has been  show n  to be ro b u s t to v a r ia t io n s  
in  age p a t te r n s  of m a r r ia g e , a n d  th a t the age p a tte rn  at m a rr ia g e  fo r those 
m a r r y in g  s in g le  p a r tn e rs  is not too d is s im ila r  to the  age p a tte rn  at 
f i r s t  m a r r ia g e ,  the  use o f a f i r s t  m a rr ia g e  fu n c tio n  instead  o f a m a rr ia g e  
to s in g le  spouse fu n c tio n  w i l l  not g iv e  r is e  to s u b s ta n tia l e r r o r .  T h e  
la rg e s t  e r r o r  is l ik e ly  to a r is e  from  an e r r o r  in  f it t in g ;  the d iffe re n c e  in  
the d is t r ib u t io n  m eans o f th e  tw o  fu n c tio n s  is ab o u t 0 .5  of a y e a r ,  fo r  
both b r id e s  and  b r id e g ro o m s , and  th is  cou ld  m ake a d iffe re n c e  o f about 
0.1  in  a w e ig h t  e s tim a te d  fo r  a c e n tra l age  o f re s p o n d e n t o f 60 y e a rs , though  
m uch le s s  fo r  y o u n g e r  re s p o n d e n ts .
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T a b le  4 .1 0 .  M a r r ia g e  Rates b y  A g e  a n d  P re v io u s  C o n d itio n :  
E n g la n d  and  W ales 1971.
Age B a c h e lo rs  who m a rr ie d
G ro up S p in s te rs A n y
-20 .108 .102
2 0 -2 4 .619 .5 9 4
25 -2 9 .205 .211
3 0 -3 4 .043 .051
35-39 .014 .020
4 0 -4 4 .006 .011
45 -4 9 .003 .007
50 -5 4 .002 .0 0 4
A ll S p in s te rs  w ho  m a rr ie d  
B rid e g ro o m s  B a c h e lo rs  A n y
090 .331 .313
531 .545 .532






M ean A ge  
at
M a rr ia g e  2 3 .9 2 4 .4
2 5 .9 2 1 .9  2 2 .4
A ll











C H A P T E R  F IV E
T h e  M eth od s  A p p lie d  to E m p ir ic a l Data
5 .1  In tro d u c tio n
O ne o f the  m ain  p ro b le m s  w ith  d e v e lo p in g  a new  a n a ly s is  re q u ir in g  
the  c o lle c tio n  o f data  not n eed ed  fo r e s ta b lis h e d  p ro c e d u re s  is a c h ic k e n  
and  egg  s itu a tio n ; it  is n ec e s s a ry  to show th a t the a n a ly s is  re p re s e n ts  
an im p ro v e m e n t o v e r  e x is t in g  tec h n iq u e s  b y  a p p ly in g  i t  to a s u b s ta n tia l 
am ount o f d a ta , and  it  is n ec e s s a ry  to h av e  show n th a t the  a n a ly s is  
re p re s e n ts  a w o r th w h ile  im p ro v e m e n t b e fo re  anyone  w i l l  be p ers u a d e d  to 
c o lle c t the  data  n e e d e d . Some m ethods o f a n a ly s is  s t r ik e  the eye  w ith  
th e ir  e le g a n c e  and  p la u s ib i l i ty ,  and  these m ay s u ffe r  n o  long d e la y  
b efo re  th e ir  w id e s p re a d  u se , w h e re a s  o th e rs  a p p e a r c o m p lic a te d , ro u n d ab o u t, 
and  o v e r  d e p e n d e n t on d u b io u s  a s s u m p tio n s . T h e  te c h n iq u e s  d es c rib e d  in  
C h a p te rs  3 and  4 fa ll in to  the second o f these  c a te g o r ie s . H o w e v e r , 
in the  p re s e n t  in s ta n c e  it  is fo rtu n a te  th a t the p o s s ib il i ty  o f d e v e lo p in g  
these a n a ly s e s  had been  su g gested  b y  B ra s s  b e fo re  th e  m ethodolog ica l 
d e ta ils  had  b een  in v e s t ig a te d . T h is  led to the in c lu s io n  of some q uestio ns  
re la t in g  to o rp h a n h o o d  o f e ld e s t s u r v iv in g  c h ild re n  a n d  to w idow hood  in  
a re tro s p e c t iv e  s u rv e y  fo rm in g  p a r t  o f th e  H o n d u ras  N a tio n a l D em o graph ic  
S u r v e y . T h is  m u lt i- r o u n d  s u rv e y  s ta r te d  in  1971, a n d  w h ils t  its  fin a l 
re s u lts  h a v e  o n ly  been  p a r t ly  p u b lis h e d  to d a te , p r e l im in a r y  tab u la tio n s  
from  the  re tro s p e c t iv e  s u rv e y  have been  m ade a v a ila b le .  U n fo rtu n a te ly ,  
the  o rp h a n h o o d  q u e s tio n  o n ly  c o v e red  m a te rn a l o rp h a n h o o d , the q uestio n  as 
to w h e th e r  the  re s p o n d e n t w as the p a re n t 's  e ld e s t s u r v iv in g  c h ild  also  
o n ly  re la te d  to m o th e rs , and the q u e s tio n  on w id o w h o o d  was o n ly  asked  of 
fem ale re s p o n d e n ts  ab o u t the  s u r v iv a l o f  th e ir  f i r s t  h u s b a n d . It is thus  
not p o s s ib le  to com pare  the re s u lts  o f the  o rp h a n h o o d  m ethods and the  
w ido w ho od  m etho d , s in c e  the f i r s t  m easu re  fem ale m o r ta l i ty ,  and  the second  
m ale m o r ta l i ty .  T h e  o n ly  com pariso n  th a t is p o s s ib le  is tha t betw een
m o
the c o n v e n tio n a l o rp h a n h o o d  m ethod and  the e ld es t s u rv iv in g  c h i ld  o rp h a n ­
hood m e th o d .
T h e  q u e s tio n s  needed  fo r  a p p ly in g  the w idow hood and e ld e s t  s u r v iv in g  
c h ild  o rp h a n h o o d  m ethods have  b een  inc lu d e d  in  a la rg e  s a m p le  s u rv e y  
co n d u c te d  in B an g la  D esh  in  A p r i l  1974. T h is  s u rv e y  has c o v e re d  abo ut
3 5 0 ,0 0 0  p e o p le , and  w ill  a llo w  co m p ariso n s  o f a ll th ree  in d ir e c t  m ethods  
fo r  each  sex; s e v e ra l ta b u la tio n s  a r e  b e in g  in c lu d e d  in the ta b u la tio n  
p ro g ra m m e  to c h eck  the c o n s is te n c y  o f re p o r t in g . T h e  r e s u lts  o f the B an g la  
D esh  s u rv e y  w i l l  thus  m ake a v e r y  c o n s id e rab le  c o n tr ib u tio n  to assessing  
the  p ra c tic a l v a lu e  o f the  tec h n iq u e s  d e s c rib e d  h e re , and to  o th e r  
m etho d o log ica l c o n s id e ra tio n s  as w e l l .  H o w e v e r , the fina l ta b u la tio n s  
fro m  the  s u rv e y  cannot be e x p e c te d  t i ll  the end  o f 1974, too la te  fo r 
in c lu s io n  h e re . A  sm all p ilo t  s u r v e y  w as conducted  in F e b r u a r y ,  1974, and  
ta b u la tio n s  have  been  p ro d u c e d  fro m  its re s u lts . U n fo r tu n a te ly , the  
p o p u la tio n  c o v e red  n u m b e re d  o n ly  about 2 ,0 0 0 , d ra w n  from  Dacca and  its  
p e r i -u r b a n  a re a , and w h e n  th is  to ta l is fu r th e r  b ro ken  up  in to  age g ro u p s  
b y  s e x , the n u m b e rs  a re  fa r  too sm all fo r a w o rth w h ile  a n a ly s is .  T h u s  
the  B a n g la  D esh s u r v e y ,  though  p ro m is in g  at some tim e in  the  fu tu re  to 
be a g o ld m in e  o f u se fu l in fo rm a tio n  fo r m ethodolog ical in v e s tig a tio n s ,  
has to be w r it te n  o ff fo r  p re s e n t p u rp o s e s .
5 .2  T h e  H o n d u ras  N a tio n a l D e m o g ra p h ic  S u rv e y
T h e  H o n d u ra s  N a tio n a l D e m o g ra p h ic  S u rv e y  (EDEN H) w a s  o rg a n is e d  in  
1970 to p ro v id e  the d a ta  needed  fo r  the m easurem ent o f p o p u la tio n  tre n d s .
T h e  'D ire c c io n  G e n e ra l de E s ta d is tic a  y  C ensos' o f H o n d u ra s  was re s p o n s ib le  
fo r the s u rv e y 's  o rg a n is a tio n , w ith  the ass is tance of the L a t in  A m eric a n  
D e m o g ra p h ic  C e n tre  (C E L A D E ) , and  s u p p o rt from  the U n ite d  N ations Fund  fo r  
P o pu la tio n  A c t iv it ie s .  No fin a l re p o r t  on the o rg a n is a tio n  o r  re s u lts  o f  
the s u rv e y  has y e t b een  p u b lis h e d . T h e  account o f the o rg a n is a tio n  o f  
the  s u rv e y  g iv e n  h e re  is taken  from  the E n g lis h  s u m m a rie s  of m o n th ly
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EDENH In fo rm a tio n  B u lle tin s  p ro du ced  in  1971 and 1972 (C E L A D E ; 1971 to 
1972) . T h e  f ig u re s  g iv e n  in th is  c h a p e r e i th e r  come fro m  these b u lle t in s ,  
o r w e re  v e r y  k in d ly  p ro v id e d  p r io r  to p u b lic a t io n  b y  M r .  J .  Somoza o f  
C E L A D E .
T h e  EDENH s tu d y  was p lan ned  as a m u lt i- ro u n d  sam p le  s u r v e y . It w as  
the  f i r s t  such  s u rv e y  to be used in L a tin  A m e r ic a  on a n o n -e x p e r im e n ta l 
bas is  fo r  e s tim a tin g  national p o p u la tio n  g r o w th .  On the  f i r s t  ro u n d , the  
p o p u la tio n  re s id in g  in  the sam ple a re a s  w a s  reco rd ed  an d  then  v ita l  
changes w e re  re c o rd e d  at each s u b s e q u e n t ro u n d , the  p la n n e d  in te rv a l
b e tw een  ro u n d s  b e in g  about fo u r m o n th s . It  was in te n d e d  to h ave  fo u r such  
ro u n d s , w ith  the p o s s ib ility  o f fu r th e r  ro u n d s  being  ad d ed  la te r .  T h e  
o b je c tiv e  o f the s u rv e y  was to o bta in  a s e t o f c u r re n t  d e m o g ra p h ic  ra tes  
fo r  the c o u n try  as a w h o le , and fo r the p r in c ip a l re g io n s . A  la rg e , rem ote  
and  l i t t le  p op u la te d  area  in the e a s te rn  p a r t  o f the c o u n try  w as e x c lu d e d  
from  the s am p lin g  fra m e , le a v in g  an e s tim a te d  p o p u la tio n  o f about 2 i  
m illio n , about 98 p e r  cent o f the to ta l p o p u la tio n , sub je c te d  to s a m p lin g . 
T h e  s a m p lin g  fra c tio n  was set at 1 .2  p e r  c e n t, and the to ta l sam ple s ize  
came to about 3 5 ,0 0 0  p eo p le . T h e  s a m p le  se lection  p ro c e d u re  is d e s c r ib e d  
in the f i r s t  In fo rm atio n  B u lle tin  (C E L A D E ; 1971).
T h e  area  u n d e r in v e s tig a tio n  w as d iv id e d  into n in e  re g io n s , id e n tif ie d  
fo r p la n n in g  p u rp o s e s , each o f w h ic h  w a s  made up o f d is t r ic ts .  T h e
p o p u la tio n  o f each d is tr ic t  and re g io n  w a s  estim ated  b y  p ro je c tio n  from  
census d a ta . Some reg ion s  w e re  s u b d iv id e d  to g iv e  a total o f 16 s tra ta ,  
in c lu d in g  the C e n tra l D is tr ic t  a ro u n d  th e  c a p ita l, T e g u c ig a lp a , and  the  
m u n ic ip a lity  o f San P edro  S u la , w h ic h  w e re  taken  as s e lf  re p re s e n te d  s tra ta .  
Each s tra tu m  w as d iv id e d  into p r im a r y  s am p lin g  u n its ,  m ost o f w h ic h  w e re  
d is t r ic ts .  O ne p r im a ry  sam pling  u n it  w a s  se lec te d , w ith  a p ro b a b ility  
p ro p o rtio n a l to its  s iz e , from  each s tr a tu m , and a p ro p o rtio n  o f the
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p o p u la tio n  in  th a t p r im a r y  s a m p lin g  u n it  e q u iv a le n t  to 1.2  p e r  cen t o f 
the u rb a n  and  the  r u r a l  p o p u la tio n  o f the  s tra tu m  w as  se lec ted  fo r  in te i— 
v ie w . W ith in  each d is t r ic t ,  th e  c ap ita l to w n  w as re g a rd e d  as u rb a n , and  
the  re s t  as r u r a l .  T h e  p ro c e d u r e  fo r s e le c tin g  fin a l sam ple  segm ents  
w as  som ew hat d if fe re n t  fo r  u rb a n  and r u r a l  a re a s . In  u rb a n  a re a s  o f 
se lec ted  p r im a r y  s a m p lin g  u n its ,  a co m p le te  re g is tra t io n  w as c a r r ie d  o u t, 
and  a ske tch  map p re p a r e d  s h o w in g  the lo ca tio n  o f d w e ll in g s . S a m p lin g  
segm ents  w e re  p ro d u c e d  fro m  g ro u p s  o f a b o u t 30 d w e ll in g s , and  the  
re q u ir e d  n u m b e r o f these  g ro u p s  se lec ted  a t  ra n d o m . In r u r a l  a re a s ,  
segm ents  o f a p p ro x im a te ly  60 d w e llin g s  w e re  fo rm ed  on the  b as is  o f 
a v a ila b le  in fo rm a tio n , a n d  th e  n ec e s s a ry  segm ents  se lec ted  fo r  in c lu s io n  
in  the  s am p le . O nce th e  segm ents  had b e e n  s e le c te d , ske tch  m aps sh o w in g  
the b o u n d a ry  o f each s e g m e n t, and the  lo ca tio n  o f d w e llin g s  w ith in  i t ,  
w e re  p re p a r e d . S eg m en ts  w e re  som etim es s l ig h t ly  a d ju s te d  to e n s u re  tha t 
th e  segm ent lim its  w e re  e a s ily  re c o g n is a b le .
T h e  m ain q u e s tio n n a ire  used in c lu d e d  q u e s tio n s  on y e a rs  o f scho o lin g  
and  occu pation  o f the  h ea d  o f  a h o u s e h o ld , re la t io n s h ip  to head o f  
h o u se h o ld , s e x , a g e , d a te  o f  b ir th ,  and  m a r ita l s ta tu s , as w e ll as a ll 
the  u su a l id e n tif ic a tio n  q u e s tio n s . S p ace  w as le ft  fo r  chan ges  b etw een  
one ro u n d  and the n e x t ,  fo r  re c o rd in g  in -m ig r a n ts ,  o u t-m ig ra n ts , changes  
in  m a r ita l s ta tu s , b ir t h s ,  p re g n a n c ie s  a n d  d e a th s . F o r the  fo u rth  and  
las t s u rv e y  ro u n d , in  1 9 7 2 , a spec ia l in v e s t ig a t io n  r e fe r r e d  to as R E T R O -  
EDENH was in c lu d e d  in  a d d itio n  to u p d a tin g  the o r ig in a l q u e s tio n n a ire .  
T h is  in v e s tig a tio n  took th e  form  o f a s in g le  ro u n d  re tro s p e c t iv e  s u r v e y ,  
and  in c lu d e d  q u e s tio n s  on s e x , a g e , m a r ita l s ta tu s , m a te rn a l o rp hanh oo d  
and w h e th e r e ld e s t s u r v iv in g  c h ild  o f m o th e r , to ta l n u m b e r o f liv e  b ir th s  
p e r  w om an, total n u m b e r  s u r v iv in g ,  d a te  o f b ir th  o f m ost re c e n t c h ild  
and w h e th e r it w as s t i l l  a l iv e ,  and w h e th e r  f i r s t  h u sb an d  w as s til l  a l iv e .
It is the data  from  th is  re tro s p e c t iv e  s u r v e y  w h ic h  a re  o f in te re s t in  
the ju s t if ic a t io n  o f th e  in d ire c t  te c h n iq u e s  d e v e lo p e d  in C h a p te rs  3 
and 4 . T h e  total p o p u la tio n  c o v e re d  b y  R E T R O -E D E N H  sho u ld  h av e  been
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e q u a l to the  p o p u la tio n  c o v e re d  b y  the  f i r s t  EDENH re g is tra t io n  p lu s  
n et a d d it io n s  b y  the fo u rth  ro u n d , b u t in  fact the  total p o p u la tio n  
s u r v e y e d  b y  R E T R O -E D E N H  am ounted to ju s t  u n d e r 3 0 ,0 0 0 . T h is  s h o rtfa ll  
of a b o u t 15 p e r  cent w as  a p p a re n tly  caused b y  a s h o rtag e  o f re tro s p e c tiv e  
q u e s tio n n a ire s  in some segm ents , and  g iv e s  r is e  to d ou bts  about the v a l id i ty  
of t a k in g  the  re tro s p e c tiv e  in fo rm ation  as re p re s e n ta tiv e  o f the  sam pled  
a re a  o f H o n d u ra s .
5 .3  E s tim a tin g  Basic P o pu la tio n  P aram eters  from  R E T R O -E D E N H  Data
C e r ta in  p op u la tio n  p a ra m e te rs  a re  re q u ire d  fo r u s in g  the  in d ire c t  
m o r ta l i ty  estim atio n  m eth o d s . A n estim ate  o f c h ild ho od  m o rta lity  is 
n e e d e d  fo r  the o rp hanh oo d  o f e ld e s t s u r v iv in g  c h ild re n , and  n ec e s s a ry  fo r  
f in a l ly  c o n s tru c tin g  a life  ta b le . F o r the t ra d it io n a l o rp hanh oo d  m etho d , 
th e  m ean age o f m o th e rs  at b ir th s  in  the las t y e a r  is needed  fo r f it t in g  
p u rp o s e s , and fo r the  e ld e s t s u r v iv in g  c h ild  d eve lo p m en t an es tim ate  is  
n e e d e d  o f the mean ag e  of m others  h a v in g  f i r s t  b ir th s  in  the  last y e a r .  For 
th e  w ido w ho od  a p p ro a c h , the m ean age a t f i r s t  m a rr ia g e  fo r  fem ales , and  
th e  p o p u la tio n  m ean ag e  at f i r s t  m a rr ia g e  fo r  m ales , a re  both  needed  
f o r  f it t in g  p u rp o se s . F o r a ll the m etho d s, it is usefu l to check  the  
le v e l o f f e r t i l i t y ,  to m ake  s u re  th a t the g ro w th  ra te  o f the p op u la tio n  
is  o f the r ig h t  o r d e r .  T h e  data  re q u ire d  fo r  the s ta n d a rd  m ethods o f 
a n a ly s is  w e re  a v a ila b le  from  R E T R O -E D E N H , ex c ep t the  p ro p o rtio n  o f 
m a le s  e v e r  m a rr ie d  b y  ag e , w h ic h  was taken  from  the f i r s t  re g is tra tio n  
ro u n d  o f the s u r v e y , and thus from  a s lig h t ly  d if fe re n t , and  la r g e r ,  
p o p u la t io n .
( i )  C h ild h o o d  M o r ta lity
T h e  s ta n d a rd  B ra s s  a n a ly s is  o f p ro p o rtio n s  dead am ongst c h ild re n  
e v e r  b o rn e  by w om en o f v a r io u s  age g ro u p s  (B ra s s , 1964; B rass e t a l ,  1968)
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was a p p lie d , and  g av e  an es tim ate  o f P ^2 ) ' P ro Po r t 'on dead  b y  age tw o , 
of 0 .1 6 5 .  T h e  m o d ific a tio n  o f th is  te c h n iq u e  p ro po sed  b y  S u lliv a n  
(S u ll iv a n ,  1972) g av e  an id e n tic a l e s tim a te . T h is  common v a lu e  w as tak e n  
as b e in g  c o r re c t , and life  tab le  s u r v iv o rs  to age tw o  w e re  assum ed to be  
835 o u t o f a r a d ix  o f 1 ,0 0 0  b ir th s .  A  s im p le  c o rre c tio n  fo r  sex  d if f ­
e re n c e s  in c h ild h o o d  m o rta il ity  w as a p p lie d  b y  s u b tra c tin g  10 p o in ts  fo r  
m a le s , g iv in g  an  I o f 8 2 5 , and a d d in g  10 p o in ts  fo r fem a les , g iv in g  
an I ^ j  o f 895.
( i i )  M ean  A ge a t C h ild b e a r in g
B ir th s  in  th e  y e a r b e fo re  the s u rv e y  b y  age g ro u p  o f m o th er w e re  
ta b u la te d  fo r a ll  c h i ld r e n ,  and  fo r  f i r s t  b ir th s  a lo n e . T h e  m ean age o f  
m o th e r fo r a ll b ir th s , to ta llin g  1 ,9 3 3 , w as 2 6 .9 2 , com pared  to the  
m ean o f the age  sp e c ific  f e r t i l i t y  ra tes  o f 2 9 .1 2 . T h is  is a ra th e r  
la r g e r  d if fe re n c e  than w o u ld  n o rm a lly  be e x p e c te d . T h e  m ean age o f m others  
o f f i r s t  b ir th s  in  the y e a r  b efo re  th e  s u rv e y  w as 1 9 .9 3 , based on o n ly  
259 b ir th s . T h u s  the d if fe re n c e  b etw een  the f i r s t  and a ll b ir th  m eans  
w a s  alm ost s e v e n  y e a rs , close to the  v a lu e  p re d ic te d  b y  the  m odel d e s c r ib e d  
in  C h a p te r  3 . T h e  n u m b e r o f f i r s t  b ir th s  re c o rd e d  is ra th e r  s m a ll, and  
th e  mean co u ld  be s ig n if ic a n t ly  a ffec ted  b y  sam p lin g  e r r o r .
( i i i )  Mean A g e  at F irs t  M a r r ia g e
T h e  p ro p o rtio n s  o f wom en n e v e r  m a rr ie d  b y  age g ro u p  w e re  a v a ila b le  
fro m  the re tro s p e c t iv e  s u r v e y , and  H a jn a l's  s in g u la te  m ean age at m a rr ia g e  
(H a jn a l , 1953) was c a lc u la te d  fro m  these p ro p o rtin s  as 2 0 .1 0 . T h is  can 
b e  com pared  w ith  the m ean of the  age s p e c ific  f i r s t  b ir th  ra tes  o f 2 0 .5 8 .
T h is  w ould  seem  to be a ra th e r  sm all d if fe re n c e , b u t it m ust be rem em b ered  
th a t  consensual o r  com m on law  u n ion s  a re  o ften  not re g a rd e d  as e s ta b lish e d  
u n t i l  the b ir th  o f the f i r s t  c h ild .  T h u s  in soc ie ties  w h e re  consensual
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u n io n s  fo rm  a s u b s ta n tia l p o rtio n  o f m a rr ia g e s  the  d iffe re n c e  betw een  mean  
age at m a r r ia g e  an d  m ean age at f i r s t  b ir th  is  m uch red uced ; the m ain  
ED E N H  s u rv e y  sho w ed  that m ore th a n  h a lf  o f  m a r r ie d  m ales w e re  c o n s e n s u a lly  
m a r r ie d ,  and  th a t in th e  15 to 29 age g ro u p  about 65 p e r  cent 
o f m a r r ie d  m ales w e re  in  th is  s o rt o f  u n io n . C o m p ara b le  p ro p o rtio n s  
fo r  fem a les  a re  not a v a ila b le .
T h e  p o p u la tio n  m ean age at f i r s t  m a rr ia g e  w as c a lc u la te d , accord ing  
to the  m ethod  p ro p o se d  in  section  4 .9 ,  as 2 2 .7 1 ; the  s in g u la te  mean 
age  a t m a r r ia g e  w as c a lc u la te d  as 2 3 .4 7  fro m  the in fo rm atio n  on 
p ro p o rt io n s  m a r r ie d .  T h e  m ale p ro p o rtio n s  m a rr ie d  w e re  obta ined  from  
the o r ig in a l ED E N H  s u r v e y , c o v e r in g  a r a th e r  la rg e r  popu lation  than  
R E T R O -E D E N H . T h is  p ro c e d u re  w as n e c e s s a ry  because the m ale m a rr ia g e  
d ata  c o lle c te d  b y  R E T R O -E D E N H  h ave  not b een  ta b u la te d . It has been  
assum ed  th a t th e  ED EN H  m ale m a rr ia g e  d is tr ib u t io n  is the same as that 
o f R E T R O -E D E N H , and  it has th e re fo re  b ee n  used w ith o u t ad ju s tm ent.
It is d if f ic u lt  to tes t the  v a lid ity  o f th is  a s s u m p tio n , s ince  the male  
d is t r ib u t io n  is not a v a ila b le  from  one s u r v e y ,  and the  fem ale d is tr ib u tio n  
is n o t a v a ila b le  from  the  o th e r . T h e  o n ly  in fo rm atio n  a v a ila b le  from  
both  is  the  m ale  age d is t r ib u t io n . T h e  tw o  age d is tr ib u t io n s  a re  v e ry  
s im ila r ,  e x c e p t fo r the  age g ro u p  0 to 4 , w h e re  EDENH has a 
s u b s ta n tia lly  h ig h e r  p ro p o rtio n  o f the p o p u la tio n  (0 .2 1 7 ) than R E T R O -  
ED EN H  ( 0 .1 9 5 ) .  T h e  p ro p o rtio n s  u n d e r 15 a re  0 .5 2 0  and 0 .5 0 4 , and  
o v e r  45 0 .1 1 6  and  0 .1 2 0  fo r EDENH a n d  R E TR O -E D E N H  re s p e c t iv e ly .  
T h e  d if fe re n c e  b etw e e n  the  two age  d is tr ib u t io n s  is la rg e ly  accounted  
fo r  b y  the  d if fe r e n t  p ro p o rtio n s  u n d e r  f iv e .  T h e re  is no a lte rn a tiv e , 
h o w e v e r , to a c c e p tin g  the d is tr ib u t io n  a v a ila b le .
( iv )  F e r t i l i t y
B ir th s  in  the  la s t 12 m onths b y  age o f m o th e r, and total c h ild re n  
b o rn e  b y  age g ro u p  o f w om en w e re  both ta b u la te d  from  R E T R O -E D E N H . T h is
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in fo rm atio n  m akes p o s s ib le  th e  a p p lic a tio n  of the s ta n d a rd  B rass  c o n s is ten cy  
check  betw een  cu m u la ted  c u r r e n t  fe r t i l i t y  ra tes  and re p o r te d  p a r ity  
(B ra s s  e t a l . ,  1 9 6 8 ) . A p p ly in g  th is  check g ave  a s e r ie s  o f P /F  c o rre c tio n  
fac to rs  v a ry in g  b etw een  1.02  and 1 .0 4  fo r age g ro u p s  betw een  20 
and 50 (the u n r e lia b le  15 to 19 age g ro u p  gave  a v a lu e  of 0 . 8 3 ) .
T h e  c o n s is te n cy  o f these fa c to rs  w ith  age suggests  th a t f e r t i l i t y  is 
m ore o r  less c o n s ta n t, and  th e ir  c loseness to 1 .0  s u g g e s ts  that the  
re fe re n c e  p e r io d  used  for c o lle c tin g  c u r re n t  fe r t i l i t y  in fo rm a tio n  has  
been a c c u ra te ly  re p o r t . T h e  age s p e c ific  f e r t i l i t y  ra te s  g iv e  an es tim a te  
of the  total f e r t i l i t y  ra te  o f 7 .2 ,  and the a p p lic a tio n  o f  the fou r p e r  
cent c o rre c tio n  sug gested  b y  the B rass  m ethod g iv e s  a f in a l estim ate  of
7 .5 .  T h is  in d ic a te s  a v e r y  h ig h  leve l o f f e r t i l i t y ,  and  a c o n s id e ra b ly  
fa s te r  g ro w th  ra te  fo r an y  g iv e n  m o rta lity  p a tte rn  th a n  assum ed in  th e  
o rp hanh oo d  and  w idow hood  m o d els . H ig h e r fe r t i l i t y  w i l l  a ffect the  b ir th  
o rd e r  com position  o f the p o p u la tio n , and the g ro w th  r a te  w ill a ffec t the  
age d is t r ib u t io n .
5 .4  T h e  O rp h a n h o o d  A n a ly s is
R E T R O -E D E N H  c o lle c ted  in fo rm ation  on m atern a l o rp hanh oo d  fo r  a ll 
c h ild re n  b y  sex o f c h ild ,  and  for e ld e s t s u r v iv in g  c h i ld  b y  sex o f c h ild .
It is th e re fo re  p o ss ib le  to com pare estim ates  o f fem ale  a d u lt  m o rta lity  
d e r iv e d  from  the a ll c h ild re n  o rphanhood  m ethod and  d e r iv e d  from  the  
e ld e s t s u r v iv in g  c h ild  d eve lo p m en t o f that m ethod . I t  is also p o s s ib le  
to com pare p ro p o rtio n s  o rp h a n e d  b y  sex  o f c h ild , as a check on th e  d a ta . 
T h e  m ethods w il l  be a p p lie d  to resp on den ts  o f both s e x e s  to g e th e r, since  
th is  is l ik e ly  to g iv e  the b es t estim ate  w hen  n u m b e rs  a re  ra th e r  s m a ll.
T h e  re s u lts  o b ta in ed  b y  a p p ly in g  the a ll c h ild re n  method to th e  data  
a re  shown in  T a b le  5 .1 ;  two m easures  o f m o rta lity  a re  g iv e n , one a life  
ta b le  s u r v iv o rs h ip  p ro b a b il i ty  and the o th e r b eta , th e  second, shape  
d e te rm in in g  p a ra m e te r o f the  B rass model life  tab le  s ys tem .
1 4 7
T ab le  5 .1 : Estimate o f Female M o rta lity  in Honduras : a ll C h ild re n
Orphanhood Method
A g e G ro u p  
o f
R e s p o n d e n t
P ro p o rtio n  W e ig h t I I
(25+N ) (25+N )
Inot
O rp h a n e d
(25 )
Beta
5 to .9 8 15
10 to 14 .9616
15 to 19 .9287
20 to 24 .8772
25 to 29 .8085
30 to 34 .7133
35 to 39 .5 9 54
40 to 44 . 5036
45 to 49 .3888
50 to 54 .2815
55 to 59 .1945
1 _ 845 1 = 766
.633  .9 7 4 2  .7459
.829  .9 1 9 9  .7 0 4 4
.905  .6 7 0 7  .6667
.977  .7 1 0 6  .5441
.706  .3 5 7 3  .2 7 36
.665
.7 3 4  .9 5 2 8  .7 2 9 6  .659
.681
.722
.948  .8 0 3 5  .6152  .777  > 0 .7 7
.821
.943  .5 9 0 2  .4 5 19  .867
.883  .4 9 0 2  .3 7 53  .850
.8 4 4
.476  .2 3 5 9  .1 8 0 6  .817
(2 ) • (25)
T h e  re s u lts  o b ta in ed  b y  a p p ly in g  the e ld e s t s u r v iv in g  c h ild  m ethod  
a re  show n  in  T a b le  5 .2 ,  in e x a c t ly  the same fo rm  as fo r the  a ll 
c h i ld r e n  re s u lts .
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T ab le  5 .2 : Estim ate of Female M o rta lity  in Honduras : E ldest
S u rv iv in g  C h ild  Orphanhood Method
y
A ge C ro u p P ro p o rtio n  W e ig h t 1(25+N ) 1(25+N )
Beta
of not '(2 5 )
R espondent O rp h a n e d
5 to 9 .9755
.431 .9691 .7291 .7 5 8
10 to 14 .•9642 J
.382 .9439 .7101 .7 5 0
15 to 19 .9 3 14  J
.316 .8962 .6742 .797
20 to 24 .8799  .
« .242 .8469 .6372 .816
25 to 29 .8 3 6 4  .




.7 4 18  |






40 to 44 .5402
> .1 3 3 .4421 .3326 .922
45 to 49 .4271
) .3327 .2503 .882
50 to 54 .3185
i  .1 6 6 .2365 .1779 .821
55 to 59 .2202
J
1 = .845 I = 752 M =  19,.93 o =
- .2 1 9
I  I 
(2) (25)
^  T h e  w e ig h ts  h ave  been c o rre c te d  fo r a low m o rta lity  s itu a tio n  
(see C h a p te r  3)
149
It  can be se e n  that th e  a ll c h ild re n  and  e ld e s t s u r v iv in g  c h ild  
o rp hanh oo d  te c h n iq u e s  g iv e  som ew hat d if fe re n t  re s u lts . T h e  v a lu e  o f 
beta estim ated  fro m  responses  of a ll  c h ild re n  is 0 .7 7 ,  w h e re a s  th a t 
e s tim ated  from  resp on ses  o f  e ld e s t s u r v iv in g  c h ild re n  is  0 .8 8 .  F o r  
e v e ry  age g ro u p  o f  re s p o n d e n ts , the  p ro b a b il i ty  o f s u r v iv in g  to age  
25+N is h ig h e r  w h e n  e s tim a te d  from  resp on ses  o f a ll c h ild re n  than  w h e n  
es tim ated  from  re p o r ts  o f e ld e s t  s u r v iv in g  c h i ld r e n .  A lth o u g h  the  
d iffe re n c e  b e tw e e n  the tw o  sets o f es tim ates  is c o n s is te n t, it  is  not 
re a lly  v e ry  la r g e .  Both in d ic a te  a b e lo w  s ta n d a rd  le v e l o f a d u lt  
m o rta lity  fo r the  g iv e n  c h ild h o o d  m o r ta l i ty ,  so the use o f e ith e r  shou ld  
re p re s e n t an a d v a n ta g e  o v e r  the s tr a ig h tfo rw a rd  a p p lic a tio n  o f a r ig id  
m odel life  ta b le . T h e  s p re a d  of re s u lts  is m uch the  same fo r  both  m etho d s, 
w ith  a ran ge  o f ju s t  o v e r 0 .2  in  the  es tim ates  o f b e ta . T h e  age  
p a tte rn  of the m o rta lity  es tim ates  is  v e r y  s im ila r  fo r  both  g ro u p in g s  
o f re s p o n d e n ts , s ta r tin g  lo w , r is in g  to a p eak  at a c e n tra l age  o f 35 
o r 40 , and th e n  fa llin g  som ew hat. It has a lre a d y  been a rg u e d  th a t some 
o f the  e a r ly  p a r t  o f th is  p a tte rn  is e x p la in e d  b y  the  re p o r t in g  o f fos ter  
p a re n ts  as re a l p a re n ts , a n d  th e re  is no s tro n g  reaso n  to suppose that 
th is  w ou ld  be m o re  o r less  im p o rta n t fo r  e ld e s t s u r v iv in g  c h ild re n  than  
fo r a ll c h i ld r e n .  It is in te re s t in g  to note th a t the  a c tu a l p ro p o rtio n s  
not o rp h a n e d  a r e  not a ll th a t d if fe re n t  fo r  the two g ro u p in g s  o f res p o n d e n ts ;  
orp hanh oo d  is m ore  l ik e ly  am ongst e ld e s t s u r v iv in g  c h ild re n  aged 5 to 9 
and  10 to 14 than am ongst a ll c h ild re n  (p o s s ib ly  s u g g e s tin g  a lo w e r  
fo s te r in g  e ffe c t) and a g a in  above 60 . T h is  la tte r  is h a rd  to e x p la in  
c o n v in c in g ly .
It is w o r th  c o n s id e r in g  w h a t s o rt o f e r r o r s  w o u ld  accou nt fo r one  
set o f p ro p o rtio n s  b e in g  c o r re c t , and the o th e r in c o r r e c t .  I f  the  
p ro p o rtio n  not o rp h a n e d  am ong a ll c h ild re n  is too lo w , b u t the p ro p o rtio n  
o rp h an ed  am o ng st e ld e s t s u r v iv in g  c h ild re n  is c lo s e r to the tru e  le v e l,  
o rphanhood  m u s t have b ee n  c o n s is te n tly  u n d e r - re p o r te d  b y  a ll  c h ild re n
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o th e r th a n  e ld e s t s u r v iv in g  c h ild re n  o r  the e ffe c t o f the d o w n w a rd  b iases  
m ust be s u b s ta n tia l.  T a b le s  5 .1  and  5 .2  show  s im ila r  foster p a re n t  
effects  fo r  both  m etho d s, so it  is u n lik e ly  th a t o rp h a n h o o d  is co n s is te n tly  
u n d e r - r e p o r te d  b y  a ll c h ild re n  e x c e p t e ld e s t s u r v iv in g  c h ild re n . It 
is p o s s ib le , h o w e v e r , th a t the  o v e r - r e p o r t in g  of h ig h  s u r v iv ia l  fa m ilie s , 
and the h ig h e r  m o rta lity  o f o rp h a n s , w o u ld  p ro d u c e  a s u b s ta n tia l d o w n w a rd  
bias in  th e  a ll c h ild r e n  m ethod not p re s e n t in  the e ld e s t s u rv iv in g  
c h ild re n  m eth o d . On the  o th e r h a n d , the p ro p o rtio n  o rp h a n e d  am ongst 
e ld e s t s u r v iv in g  c h ild r e n  w o u ld  be e x a g g e ra te d  i f  c h ild r e n  who w e re  
not e ld e s t  s u r v iv in g  c h ild re n  w e re  in c lu d e d  in the g ro u p in g  in  su b s tan tia l 
n u m b e rs . H o w e v e r , it  w i l l  be su g g es ted  in  section  5 .7  that the p ro p o rtio n  
e ld e s t s u r v iv in g  c h ild r e n  m ade up  o f a ll c h ild re n  does not seem to be 
c o n s is te n tly  in f la te d , a n d  th a t th e re  is no o b v io u s  sex b ia s  in the  
re p o r t in g  o f e ld e s t s u r v iv in g  c h i ld r e n .  In  the  absen ce  o f any o th e r  
es tim ates  of fem ale  a d u lt  m o r ta lity , i t  is not p o s s ib le  to d e te rm in e  
w h ic h  e s tim a te  is r ig h t  and  w h ic h  is w ro n g , b u t the  d iffe re n c e  m ust 
g iv e  r is e  to re s e rv a t io n s  abo ut th e  e ld e s t s u r v iv in g  c h ild re n  m ethod.
5 .5  T h e  W idow hood A n a ly s is
R E T R O -E D E N H  in c lu d e d  a q u e s tio n  fo r fem ale  resp on den ts  as to 
w h e th e r  th e ir  f i r s t  h u s b a n d , e ith e r  lega l o r  c o n s e n s u a l, was s till  a liv e .
T h e  p o s s ib le  a n s w e rs  w e re  'y e s ',  'n o 1, 'd o n 't  k n o w ', o r  'n e v e r had  
a h u s b a n d '. T h e  a n a ly s is  o f resp on ses  to th is  q u e s tio n  g ives  an estim ate  
o f m ale  a d u lt  m o r ta l i ty ,  and  th e re  is no o th e r es tim a te  from  orphanhood  
a v a ila b le  fo r the  p u rp o s e s  o f c o m p a ris o n . T h e  a n a ly s is  is shown in  
T a b le  5 .3 ,  and  is  p e rfo rm e d  as d e s c r ib e d  in C a h p te r  4. A c o rre c tio n  
fa c to r w as o b ta in e d  fro m  T a b le  4 .4 ,  u s in g  the fem ale  s in g u la te  mean 
age a t m a r r ia g e , a n d  add ed  to the  w e ig h t se lected  fro m  T a b le  4 .2 (b )  
u s in g  the  m ale  p o p u la tio n  m ean age at m a r r ia g e . S in c e  the fem ale mean 
was o v e r  2 0 , e s tim a tin g  e q u a tio n  4 .3  w as u se d .
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T ab le  5 .3 : Estimate of Male M o rta lity  in  Honduras: Widowhood
Method
A ge C ro u p  P ro p o rtio n
o f not
R espo nd ent W idow ed
15 to 19 0 .9 92
20 to 24 0 .9 7 8
25 to 29 0 .9 5 0
30 to 34 0 .9 3 0
35 to 39 0 .8 6 0
40 to 44 0 .8 5 0
45 to 49 0 .7 7 9
50 to 54 0 .7 2 4
55 to 59 0 .6 9 0
, (2l = 8 i 5  ' ( 2 7 J , -  713
S in g u la te  mean age at mai 
P o pu la tion  mean age at m ale  ma
W e lg h t (N +5) (N+5)
' (2 7 i)
3 .2 3 2 1.021 0 .7 2 8 0 .8 52
1 .0 9 3 0.981 0 .7 0 0 0 .8 7 9
0 .9 1 4 0 .9 4 8 0 .6 7 6 0 .8 75
0 .851 0 .9 2 0 0 .6 5 6 0 .8 4 8
0 .7 5 7 0 .8 5 8 0 .612 0.901
0 .6 4 0 0 .8 2 4 0 .5 8 8 0.861
0 .5 0 6 0.751 0 .5 36 0.881
0 .3 9 5 0 .7 03 0 .502 0 .8 3 4
a = - .153
=  2 0 . 1 0
r r ia g e  = 22.71
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T h e  e s tim a te  fo r  a c e n tra l age o f 20 s h o u ld  be e x c lu d e d  from  
fu r th e r  c o n s id e ra tio n  on the g ro u n d s , e x p la in e d  in  section  4 .1 1 ,  tha t 
it  is s e r io u s ly  a ffe c te d  b y  the assum ption  o f a f ix e d  s in g le  age at 
fem ale  m a r r ia g e . T h e  a v e ra g e  o f the re m a in in g  seven  re s u lts  g iv e s  an  
e s tim a te  o f beta  o f 0 .8 7 ,  the ra n g e  o f e s tim a te s  b e in g  from  0 .8 3 4  
fo r  a c e n tra l age o f  55 to 0 .901  fo r a c e n tr a l  age o f 4 0 . T h e  
e s tim a te s  o f beta a re  ra th e r  e r r a t ic ,  w ith o u t th e  c le a r  age p a tte rn  e v id e n t  
fro m  the  o rp h a n h o o d  es tim ates , b u t the ra n g e  o f  the es tim ates  is less  
th a n  h a lf  the ra n g e  o f the o rp hanh oo d  e s tim a te s . T h e  fin a l es tim a te  is 
o b v io u s ly  not a b s u rd , b e in g  o f the  same o r d e r  o f m ag n itu d e  as the  
es tim a te s  a lre a d y  o b ta in ed  fo r fem ale m o r ta l i ty .  A  sex d if fe re n t ia l  has  
a lre a d y  b een  in tro d u c e d  in to  the estim ates  o f c h ild h o o d  m o r ta l i ty .  It 
is im p o s s ib le  to m ake any  f irm  a s s ertio n  as to  w h e th e r m ale  a d u lt  m o r t ia lity  
sh o u ld  be r e la t iv e ly  h ig h e r  than  that o f fe m a le s . In m ost w e s te rn  p o p u la tio n s  
m ale  a d u lt  m o r ta lity  is re la t iv e ly  h ig h e r  than  fe m a le , e s p e c ia lly  o v e r  
age 60 , b u t th is  m ay not a p p ly  in c e n tra l A m e r ic a . T h e  m ale m o rta lity  
le v e l e s tim a te d  is alm ost e x a c tly  the same as th e  fem ale le v e l es tim ated  
fro m  o rp h a n h o o d  re p o rts  o f e ld e s t s u r v iv in g  c h i ld r e n ,  b u t s u b s ta n tia lly  
h ig h e r  th a n  th a t estim ated  from  o rp hanh oo d  re p o r ts  o f a ll c h i ld r e n .
T h e r e  a re  no g ro u n d s  fo r d e c id in g  w h ich  o f th e s e  is m ore l ik e ly .
5 .6  C o m p aris o n  w ith  O th e r M o r ta lity  E s tim ates  fo r H o nd uras
P o p u la tio n  censuses have  been h eld  in H o n d u ra s  at ten  y e a r ly  
in te rv a ls  fo r a c o n s id e ra b le  p e r io d . T h e  1951 and 1961 cen s u se s , at 
le a s t, c o lle c te d  in fo rm atio n  on age and s e x , b u t  it is not p o s s ib le  to 
es tim a te  s u r v iv io r s h ip  ra tio s  from  one c e n su s  to the n ex t because the  
c o v e ra g e  o f the tw o censuses seems to h ave  b ee n  d if fe re n t  (A r r ia g a  1968) . 
T h e  cen su ses  d id  not in c lu d e  q uestio ns  a im e d  at e s tim atin g  d em o g ra p h ic  
ra te s , b u t A r r ia g a  (1968) has d eve lo ped  life  tab les  fo r each censal 
y e a r  u p  to 1961 . T h ese  life  tab les  a re  b a s e d  on the U n ite d  N atio n s  
fa m ily  o f m odel life  tab les  (U n ite d  N a tio n s , 1 9 5 5 ) , and s ince  the  age
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p a tte rn  o f m o rta lity  is f ixe d  f o r  a g iv e n  le v e l o f m o rta lity , a com parison  
b e tw e e n  these and  the re s u lts  o f the o rp hanh oo d  and  w ido w ho od  a n a ly s e s ,  
w h ic h  a re  in ten d ed  to e s tim a te  the age p a tte rn  o f m o rta lity , cannot 
be v e r y  il lu m in a t in g . Such a com pariso n  is m ade in  T a b le  5 .4 ,  h o w e v e r ,  
w h e re  c e rta in  colum ns o f th e  A r r ia g a  life  tab le  fo r  1961 a re  com pared  
w ith  the c o rre s p o n d in g  v a lu e s  estim ated  from  R E T R O -E D E N H  fo r 1972.
It  can be seen th a t the le v e l o f  m o rta lity  in the 1972 life  tab le  is 
s u b s ta n tia lly  h ig h e r  than  in  th e  1961 life  ta b le . T h e  d iffe re n c e s  
a re  m ost m arked  in  c h ild h o o d  and e a r ly  a d u lth o o d . E xp ecta tio n  o f l i fe  
fro m  age 25 is ra th e r  h ig h e r  in  the A r r ia g a  life  tab le  fo r  m ales, a n d  
s u b s ta n tia lly  h ig h e r  fo r fe m a le s . R E T R O -E D E N H  sugests  a ra th e r  low  
m o rta lity  d if fe re n t ia l in  a d u lth o o d  b etw een  the s e x es . T h e  expec tio n  
o f life  at b ir th  is betw een  fo u r  and f iv e  y e a rs  g re a te r  fo r  the A r r ia g a  
life  ta b le s , d esp ite  the fac t th a t they  a re  fo r a p e r io d  11 y e a rs  
e a r l ie r ,  a p e r io d  d u r in g  w h ic h  m o rta lity  could  be e x p ec ted  to have  
d e c lin e d . T h u s  the o v e r a ll  le v e l o f m o rta lity , as w e ll as its age 
p a tte r n , is ir re c o n c ila b ly  d if fe r e n t  fo r the two life  ta b le s .
Data on m o rta lity  by a g e  a re  also a v a ila b le  from  the  m u lt i- ro u n d  
s u rv e y  p a rt o f EDENH (C E L A D E , 1 9 7 2 ). T h e  re tro s p e c tiv e  s u rv e y  was  
in c lu d e d  w ith  the fo u rth  a n d  last ro u nd  of the re g is tr a t io n . T h ese  
ro u nd s  took p lace  at a p p ro x im a te ly  fo u r m o n th ly  in te rv a ls ,  and a to ta l of
5 1 .0 0 0  person  y e a rs  had  been c o v e red  by the  fo u rth  ro u n d . S a m p lin g  and  
o th e r e r r o r s  d id  not seem to have e n t ire ly  le v e lle d  o u t, h o w e v e r, and
a ll the m o rta lity  ra tes  c a lc u la te d  a fte r  fo u r ro u n d s  w e re  s u b s ta n tia lly  
h ig h e r  than  those c a lc u la te d  a fte r th re e  ro u n d s , by w h ic h  time o n ly
2 6 .0 0 0  person  y e a rs  w e r e  in c lu d e d . (T h is  a lso  sug gests  that the  tim e  
lapse betw een  the th ird  a n d  fo u rth  ro u nd s  w as much lo n g e r than  the  
a v e ra g e  lapse betw een  p re v io u s  ro u n d s . It is ra th e r  s u rp r is in g  th a t
T a b le  5,.4 :  T w o L ife  T a b le s  fo r H o n d u ra s  C om pared
Age M ales Fem ales
1961 1972 1961 1972
(A rr ia g a ) (E D E N H ) (A r r ia g a ) (E D E N H )
' ( x ) q (x ) ' ( x ) q (x ) ' ( x ) q (x ) ' ( x ) q (x )
0 1 0 ,00 0 .1255 1 0 ,0 0 0 .1401 1 0 ,00 0 .1 0 7 8 1 0 ,0 0 0 .1 2 3 0
1 8 ,7 45 .0 4 84 8 ,5 9 9 .0760 8 ,9 22 .0 4 5 8 8 ,7 7 0 .0683
5 8 ,322 .0209 7 ,9 4 6 .0190 8 ,5 13 .0 2 0 4 8,171 .0171
10 8 ,1 4 8 .0100 7 ,7 9 5 .0143 8 ,3 39 .0 1 0 5 8 ,031 .0 1 3 0
15 8 ,0 6 7 .0148 7 ,6 8 3 .0240 8 ,2 52 .0 1 4 6 7 ,9 2 7 .0 2 18
20 7 ,9 4 8 .0216 7 ,4 9 9 .0 3 24 8,131 .0 2 0 6 7 ,7 5 4 .0 2 9 6
25 7 ,7 7 6 .0244 7 ,2 5 6 .0333 7 ,9 6 4 .0 2 3 5 7 ,5 2 5 .0305
30 7 ,5 8 6 .0259 7 ,0 1 4 .0347 7 ,7 7 6 .0251 7 .2 9 6 .0319
35 7 ,3 9 0 .0299 6 ,771 .0389 7,581 .0 2 73 7 ,0 6 3 .0 3 60
40 7 ,1 6 9 .0379 6 ,5 0 7 .0461 7 ,3 7 5 .0 3 17 6 ,8 0 9 .0427
45 6 ,8 9 7 .0513 6 ,2 0 7 .0578 7,141 .0 4 0 4 6 ,5 1 8 .0539
50 6 ,5 4 3 .0712 5 ,8 4 9 .0 7 64 6 ,852 .0 5 4 5 6 ,1 6 6 .0718
55 6 ,0 7 8 .1003 5 ,4 0 2 .1019 6 ,4 7 9 .0 7 7 0 5 ,7 2 4 .0966
60 5 ,4 6 8 .1437 4 , 852 .1458 5 ,9 80 .1143 5,171 .1396
65 4 ,6 82 .2074 4 ,1 4 4 .2027 5 ,2 96 .1 7 3 8 4 ,4 4 9 .1963
70 3,711 .2960 3 ,3 0 4 .3011 4 ,3 7 6 .2 6 16 3 ,5 7 6 .2955
75 2 ,6 1 3 .4106 2 ,3 0 9 .4203 3,231 .3 7 6 7 2 ,5 1 9 .4 1 74
80 1 ,5 4 0 .5486 1 ,3 3 9 .5505 2 ,0 1 4 . 5107 1 ,4 68 .5510
85 695 1 .0 00 0 602 1 .0 00 0 985 1 .0 0 0 0 659 1 .0 00 0
6 (25)
= 4 1 .5
C (25 )
= 4 0 .1
G (25)
= 4 3 .6
® (25)
= 4 0 .8
a = - .1 5 3 a = - .2 1
ß = 0 .8 7 ß = 0 .8 8
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m ore d ea th s  p e r  u n it  o f e x p o s u re  w e re  re p o rte d  fo r  the  lo n g e r in te r v a l ,  
im p ly in g  n e g a tiv e  re c a ll la p s e ) . T h e  b ir th  ra te  es tim ated  a fte r  th re e  
ro u n d s  w as  4 8 .9 ,  and  th is  rose to 4 9 .3  a fte r  fo u r ro u n d s; the  es tim ated  
d ea th  r a te ,  on the o th e r h a n d , ro se  from  1 2 .8  to 1 4 .2 , and  the  
in fa n t m o r ta l i ty  ra te  fro m  110 to 118 . T h e  a n n u a l d ea th  ra te s  
c a lc u la te d  a fte r  fo u r ro u n d s  a re  co m pared  in T a b le  5 .5  w ith  those o f  
a U n ite d  N a tio n s  model l i fe  tab le  (U n ite d  N a tio n s , 1955) h a v in g  an  
e x p e c ta tio n  o f life  at b i r t h  o f 55 y e a r s ,  and those o f a B ra s s  m odel 
life  ta b le  c a lc u la te d  on th e  basis  o f p a ra m e te rs  c a lc u la te d  in  sec tio ns  
5 .3 ,  5 .4 ,  and  5 .5 .  A ls o  in c lu d e d  in  T a b le  5 .5  a re  the  age
s p e c ific  d ea th  ra tes  fro m  a life  ta b le  c a lc u la te d  on the b as is  o f the  
EDENH s u r v e y  data (O rte g a , 1 9 7 3 ) . T h e  a r t ic le  a v a ila b le  is in  S p a n is h ,  
and  it  is no t q u ite  c le a r  from  th is  how the  life  ta b le  w as d e v le o p e d .
It is c le a r ,  h o w e v e r, th a t  it fo llo w s  the re g is te re d  d eath  ra te s  v e r y  
c lo s e ly , th o u g h  the fu ll  life  tab le  p re s e n ts  fa r  m ore  d e ta il than  w o u ld  
be a v a ila b le  ju s t  from  th e  re g is te re d  d eath  ra te s . T w o  p o in ts  s tan d  out 
from  T a b le  5 .5 ; f i r s t ,  the B ras s  m odel life  ta b le  f itte d  b y  the a n a ly s is  
of re tro s p e c t iv e  and in d ir e c t  q u e s tio n s  fits  re c o rd e d  d eaths  up  to age  
15 m uch  b e tte r  than  th e  U n ite d  N a tio n s  m odel se lec ted ; and  se c o n d , both  
m odels in d ic a te  h ig h e r  than  re p o rte d  d ea th  ra te s  a fte r  age 55 . T h e  
in fa n t m o rta lity  ra te  c a lc u la te d  fro m  E D E N H , o f 117, is a lso  r a th e r  
lo w e r than  th a t o f the  B rass  m o d e l, o f 132. T h e s e  com pariso n s  su g gest 
th a t d ea th s  am ong in fa n ts  and o ld  p eo p le  h ave  been  o m itted  b y  the EDENH  
s u r v e y .  T h is  c o n c u ls io n  is in lin e  w ith  n o rm a l e x p e r ie n c e  o f such  re g is ­
tra t io n  s y s te m s . A s a re s u lt ,  the  m o rta lity  ra te s  c a lcu la te d  from  the  
d ea th  re g is tra t io n  c a n n o t be used as a ch eck  on the in d ire c t  m ethods of 
e s tim a tio n  d e v e lo p e d .
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Table 5.5: Death Rates Registered by EDENH Compared with Model 
Life Table Values
Age A nnual D eath  Rates (both s e x es )
C ro u p EDENH U .N .  Model B ra s s  Model EDENH
R e g is tra tio n L ife  T a b le —^ L ife  T a b le d L ife  T a b le -
1 to 4 2 0 .7 1 1 .9 1 8 .6 19 .2
5 to 9 4 .2 2 .9 3 .6 4 .8
10 to 14 3 .0 2 .1 2 .7 3 .0
15 to 29 3 .3 4 .3 5 .7 3 .4
30 to 44 5 .1 5 .9 7 .8 5 .4
45 to 54 1 1 .6 1 0 .7 13 .1 10 .3
55 to 64 2 0 .5 2 1 .6 2 5 .4 2 0 .2
65 to 74 3 4 . 5 4 9 .9 5 5 .3 3 7 .6
75 + 8 8 .2 1 3 6 .4 1 4 2 .4 101 .3
—^  E x p e c ta tio n  o f life  at b ir th  = 55 y e a rs
2/— T h e  m ale and  fem ale life  tab les  o f T a b le  5 .4  com bined .
3 /— E xp e c ta tio n  o f life  at b ir th  = 5 4 .6  y e a rs ; at age 25 , 45 .1  y e a rs
(O r te g a , 1973) .
A v a ila b le  so u rces  o f in fo rm atio n  about the  leve l and p a tte rn  of 
m o rta lity  in H o n d u ra s  a re  th u s  u nab le  to ju s t i fy  the in d ire c t methods 
b ased  on o rp hanh oo d  and w id o w h o o d . It is a lso  the case, of co u rse , that 
th e y  a re  u n a b le  to show th a t these in d ire c t  m ethods a re  not s a tis fa c to ry . 
T h e  fact that no m ethod e x is ts ,  a p a rt from  the  o rg in a l o rphanhood m ethod, 
to m easu re  age p a tte rn s  o f m o rta lity  in d e v e lo p in g  c o u n tries  w as used as 
the ju s t if ic a t io n  o f d ev e lo p in g  new in d ire c t  te c h n iq u e s . T h u s  it  should  
not be too d is a p p o in tin g  th a t the re su lts  cann ot be d ir e c t ly  tested .
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s in c e  i f  th e y  cou ld  be the m etho d s  them selves  w o u ld  be u n n e c e s s a ry ,  
w h e th e r  o r not th e y  p ro v e d  to b e  s a tis fa c to ry . It  is e n c o u ra g in g  h o w e v e r  
th a t a l l  the es tim ates  a re  b ro a d ly  s im ila r ,  and  th a t the r e s u lts  o f the  
tw o n ew  m ethods a re  e x tre m e ly  c lose  to one a n o th e r, th o u g h  b e in g  fo r  
d if fe r e n t  sexes  th e y  a re  not s t r ic t ly  c o m p a ra b le .
5 .7  D ata S h o rtco m in g s  o f O rp h a n h o o d  am ongst E ld es t S u r v iv in g  C h ild re n
T h e  m ost o b v io u s  fau lts  in  d a ta  on o rp hanh oo d  am ongst e ld e s t  
s u r v iv in g  c h ild re n  a re  age m is - r e p o r t in g  b y  the re s p o n d e n ts , m is -  
r e p o r t in g  o f o rp h a n h o o d  s ta tu s , and e r r o r s  in  b e in g  c la s s e d  as an  
e ld e s t  s u r v iv in g  c h ild .  T h e  q u e s tio n  o f age m is - r e p o r t in g ,  and its  
e ffe c t upon m o rta lity  es tim ates  d e r iv e d  from  o rp h a n h o o d , is  d iscu ssed  
in  C h a p te r  7 , and  w ill  not b e  d iscu ssed  h e re .
It is w e ll k n o w n  th a t m o r ta l i ty  es tim ates  based on o rp h a n h o o d  
d a ta  a re  fa r  too low  fo r re s p o n d e n ts  up  to age 15 o r  e v e n  age 20 .
It is  g e n e ra lly  supposed  th a t th is  u n d ere s tim atio n  re s u lts  fro m  the  
a d o p tio n  b y  re la t iv e s  o r  c lose  fr ie n d s  o f c h ild re n  o rp h a n e d  y o u n g .
T h e y  then  e ith e r  re g a rd  the  c h ild  as th e ir  o w n , o r  fa il to  m ake it  
c le a r  to a s u r v e y  in te r v ie w e r  th a t the c h ild  is not th e ir  b lo o d  c h ild ,  
b u t is in  fact o rp h a n e d . T h is  m is -re p o r t in g  seems to be p re s e n t fo r  
e ld e s t  s u r v iv in g  c h ild re n  as m uch as fo r a ll c h ild re n . T h e  betas  
e s tim a te d  in  T a b le  5 .2  fro m  re p o rts  o f e ld e s t s u r v iv in g  c h ild re n  r is e  
o v e r  m uch the same age span  and o v e ra ll ra n g e  as those es tim ated  in  T a b le
5 .1  from  re p o r ts  o f a ll c h i ld r e n .  It m ig h t h ave  been e x p e c te d  th a t 
re p o r ts  o f e ld e s t c h i ld r e n ,  b e in g  h e ir s ,  w ou ld  be less a ffe c te d  b y  th is  
b ia s , b u t the e v id e n c e  s u g g e s ts  tha t a s ta n d a rd  p ro p o r t io n  of o rp h a n s ,  
re g a rd le s s  o f fa m ily  o r d e r ,  a r e  re p o rte d  in th is  w ay; i t  is  not c le a r  
w h e th e r  th ey  s u b s e q u e n tly  chan ge  to re p o r tin g  th e m s e lv e s  c o r re c t ly ,  o r 
w h e th e r  th ey  c o n tin u e  to r e p o r t  about th e ir  ado p tiv e  p a r e n ts .
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E r r o r s  in  c la s s ify in g  respondents  a s  e ld e s t s u r v iv in g  c h ild re n  a re  
u n iq u e  to th is  m ethod. I f  some e ldest s u r v iv in g  c h ild re n  w e re  not re p o rte d  
as s u ch , b u t no n o n -e ld e s t s u rv iv in g  c h i ld r e n  w e re  in c lu d e d  in  th e ir  
p la c e s , the  e s tim a te  o f m o rta lity  w ou ld  n o t be a ffe c te d , as long as the  
m is c la s s if ic a tio n  was not re la te d  to o rp h a n h o o d  s ta tus  o r  b ir th  o rd e r ,  
a lth o u g h  th e  p ro p o rtio n  e ld e s t s u r v iv in g  c h ild re n  fo rm ed  o f a ll c h ild re n  
w ou ld  be too lo w . I f  some e ld e s t s u r v iv in g  c h ild re n  w e re  not rep o rted  
as s u c h , a n d  a s im ila r  n um ber o f o th e r  c h ild re n  w e re  in c o rre c t ly  re p o rte d  
as s u c h , m o r ta l i ty  w ou ld  be o v e re s t im a te d , a lth o u g h  the a p p a re n t o v e ra ll  
p ro p o rtio n  o f  e ld e s t s u r v iv in g  c h ild re n  w ou ld  be ab o u t r ig h t .  I f  most 
e ld e s t s u r v iv in g  c h ild re n  w e re  re p o r te d  as s u c h , an d  some o th e r c h ild re n  
w e re  a lso  re p o r te d  as e ld e s t s u r v iv in g  c h ild re n , m o rta lity  w ou ld  be 
o v e re s t im a te d , and the o v e ra ll p ro p o r t io n  o f e ld e s t s u r v iv in g  c h ild re n  
w ou ld  be too  la rg e . It  is possib le  to c a lc u la te  the  p ro p o rtio n  o f e ldest 
s u r v iv in g  c h ild r e n  in any  age g ro up  f o r  d if fe re n t  m o rta lity  le v e ls  by  
the m ethod  d es c rib e d  in  section 3 .1 0  fo r c o r re c t in g  fo r d eaths  am ongst 
f irs tb o rn  c h ild re n ;  the  estim ated p ro p o r t io n s  o b v io u s ly  dep end  on the  
same a s s u m p tio n s . T h e  ca lcu la ted  p ro p o r t io n s  a re  show n in  T a b le  5 .6 ,  
to g e th e r w ith  the p ro p o rtio n s  re p o r te d  in H o n d u ra s , and the in te rp o la te d  
p re d ic te d  v a lu e  fo r the H onduras  m o r ta l i ty  le v e l.
T h e  th e o re tic a l va lu es  behave m u c h  as e x p e c te d , e x c ep t tha t as age  
and m o r ta l i ty  in c re a s e , th e re  is no c le a r  ten d en c y  fo r the p ro p o rtio n s  to 
a p p ro a c h  1 .0  a s s y m p to tic a lly . It seem s l ik e ly ,  fo r in s ta n c e , that the  
p ro p o rt io n  o f e ld e s t s u rv iv in g  c h i ld r e n  aged 55 to 59 w ou ld  exceed
1 .0  w h e r e  beta is 1 .3  and I is 650 . A  p ro p o rtio n  o f 1 .0
cannot b e  ach ie v e d  in  re a lity  u n til j u s t  befo re  th e  age at w h ich  all 
m em bers  o f  the life  tab le  have d ie d . T h is  is a c r it ic is m  o f the m ethod  
of a l lo w in g  fo r d eaths  am ongst e a r l i e r  c h ild re n ; i t  is c le a r ly  u n s a tis ­
fa c to ry  in  e x trem e  m o rta lity  c o n d it io n s . T h e  re p o rte d  p ro p o rtio n s  from  
EDENH a re  ra th e r  v a r ia b le ,  and a r e  in it ia l ly  s u b s ta n tia lly  low er than
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Table 5.6 Expected and Reported Proportions of Eldest Surviving Children
M ortality * Proportions Eldest S u rv iv in g for age groups
le v e l'
ß l (2) 5 to 9 10 to 19 15 to 19 20 to 29 25 to 29 30 to 39 35 to 39 90 to 99 95 to 99 50 to 59
650 .320 .336 .359 .371 .386 .908 .935 .970 .521 .599
0 .8  800 .261 .268 .277 .286 .296 .307 .321 .391 .370 .913
900 .238 .292 .296 .250 .255 .260 .267 .277 .291 .313
650 .339 .355 .379 .903 .929 .959 .999 .553 .628 .736
1 .0  800 .268 .278 .291 .309 .318 .335 .358 .390 .937 .508
900 .292 .297 .253 .259 .266 .279 .285 .301 .325 .369
650 .356 .388 .925 .969 .509 .553 .616 .701 .818 .932
1.3 800 .281 .297 .316 .338 .362 .392 .932 .990 .577 .708
900 .297 .256 .265 .276 .287 .302 .323 .353 .900 .978
Honduras, Reported
.208 .227 .239 .269 .262 .308 .300 .358 .391 -.902
Honduras, Expected
.255 .262 .271 .279 .289 .300 .319 .335 .369 .392
= 0 . 88, l (2) = 835]
Honduras, male .209 .233 .237 .253 .283 .310 .310 .352 .903 .922
respondents
Honduras,fem ale .206 .221 .291 .272 .292 .306 .290 .369 .380 .385
dents
the  e x p e c te d  v a lu e s , th o u g h  e x c ee d in g  them  a fte r  a g e  40 . F e r t i l i t y  in  
H o n d u ra s  is som ew hat h ig h e r  than  tha t assum ed b y  the  m odel (a  total 
f e r t i l i t y  ra te  o f 7 .5  as opposed to 6 .0  ) and th is  w ou ld  te n d  to 
re d u c e  the p ro p o rt io n  o f e ld e s t s u r v iv in g  c h ild re n  som ew hat. T h u s  it  
se e m s  l ik e ly  th a t the  re p o r te d  p ro p o rtio n s  may be abo ut r ig h t ,  e x c ep t  
fo r  m in o r i r r e g u la r i t ie s ,  fo r res p o n d e n ts  aged b e tw e e n  20 a n d  4 0 . 
O u ts id e  th is  ra n g e , th e  re p o r tin g  of e ld e s t  s u r v iv in g  c h ild re n  seems  
to b e  in c o r r r e c t ,  w ith  too few  you ng  e ld e s t s u r v iv in g  c h i ld r e n ,  and  
too  m any o ld  ones; good reasons can be tho ug ht u p  to e x p la in  such e r r o r s .  
A s  p o in te d  o u t , th is  does not m ean th a t a m o rta lity  estim ate  w o u ld  
n e c e s s a r i ly  be b iassed  at o th e r ag e s , o r  not b ia s s e d  w ith in  th is  age  
r a n g e ,  b u t i t  d e f in ite ly  show s the need  fo r c a u tio n  in  a n a ly s in g  
o rp h a n h o o d  re p o r ts . I t  seems q u ite  l ik e ly  th a t th e  h ig h e r  m o rta lity  
e s tim a te  d e r iv e d  fro m  re p o rts  o f e ld e s t s u r v iv in g  c h ild re n  co u ld  
r e s u l t  fro m  the  in c lu s io n  o f o th e r  c h ild re n  am o n g st e ld e s t s u r v iv in g  
c h i ld r e n ,  a n d  the e x c lu s io n  of an a p p ro x im a te ly  e q u a l n u m b e r o f e ld e s t  
s u r v iv in g  c h i ld r e n .
A n o th e r e r r o r  th a t had been  a n tic ip a te d  w as  a sex b ia s  in  -e p o r t in g  
o n e s e lf  as e ld e s t s u r v iv in g .  T h e re  is no e v id e n c e  of th is  fro m  the  
H o n d u ra s  s u r v e y .  T h e  sex ra tio  o f e ld e s t s u r v iv in g  c h ild r e n  v a r ie s  
som ew hat w ith  a g e , b u t th e re  is no co n s is ten t tre n d  o r  te n d e n c y  to w a rd s  
o n e  sex b e in g  e x c e s s iv e ly  re p re s e n te d . S im i la r ly ,  th e re  is  no m a rk e d  
te n d e n c y  fo r  the p ro p o rtio n  o rp h a n e d  to v a ry  w ith  sex o f c h ild .  T a b le
5 .7  show s the p ro p o rtio n s  o rp h a n e d  b y  age a n d  s e x , and  a lth o u g h  th e re  
is  c o n s id e ra b le  v a r ia t io n ,  th e re  is no obvious p a tte rn  b y  s e x .
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T ab le  5 .7 : Orphanhood of Eldest S u rv iv in g  C h ild re n  by Sex : Honduras 1972
Sex o f A g e  C ro u p  o f  R espondents
R espo nd ents
5 - 9 1 0 -1 4 15-19 2 0 -2 4 25 -2 9 30 -3 4 35 -3 9 4 0 -4 4 45-49 50 -54
M ale 0 .0 3 6 0 .0 3 9 0 .0 6 6 0 . 106 0 .1 1 2 0.241 0 .3 9 8 0 .4 2 8 0 .6 06 0 .6 7 8
Fem ale 0 .0 1 4 0 .0 3 2 0.071 0 .1 3 2 0 .1 7 8 0 .273 0 .3 9 4 0 .4 8 8 0 .5 40 0.681
It  has been re p o rte d  b y  those re s p o n s ib le  fo r the H o n d u ra s  fie ld  
w o rk  th a t g re a t d if f ic u lty  was e x p e r ie n c e d  w ith  the e ld e s t c h ild  q u e s tio n . 
T h is  is  not a lto g e th e r s u r p r is in g ;  it  is a d if f ic u lt  co n cep t, re q u ir in g  
an a llo w a n c e  to be m ade fo r d ea th s  o f o ld e r  b ro th e rs  and s is te r s , and  
re s p o n d e n ts  o f m id d le  age and o v e r  cou ld  be reaso n ab ly  exc u s e d  for not 
k n o w in g  the a n s w e r (hence p e rh a p s  the excess o f re p o rte d  o v e r  expected  
p ro p o rt io n s  e ld e s t s u r v iv in g  a f te r  40 ) . In  fac t, o n ly  116 o u t of 
2 9 ,9 9 1  resp on den ts  w e re  c la s s if ie d  as 'd o n 't  k n o w 's ',  a v e r y  low  
f ig u r e  su g g e s tin g  a good deal o f  p re s s u re  from  en u m e ra to rs  to get some 
s o rt o f a n s w e r. It is p oss ib le  th a t l im it in g  responses to f irs tb o rn  
c h i ld r e n  o n ly  w o u ld  be m ore s a tis fa c to ry ; the q u es tio n  w o u ld  b e  less 
a m b ig u o u s , a re s p o n d e n t's  s ta tu s  could not change o v e r t im e , no recen t 
k n o w le d g e  o f fa m ily  a ffa irs  is n eed ed , and  a lth ou gh  the n u m b e r o f responses  
w o u ld  be m uch s m a lle r , n ec e s s ita tin g  r a th e r  la rg e r  sam ples , the  u nsa tis ­
fa c to ry  c o rre c tio n  fo r  m o rta lity  w ould  be u n n e c e s s a ry .
5 .8  Data S h o rtco m in g s  o f W idow hood
T h e re  a re  not the o p p o rtu n it ie s  fo r  che c k in g  the co n s is ten cy  o f the  
w ido w ho od  re p o rts  that th e re  a re  fo r c h e c k in g  orphanhood  re p o rts  of 
e ld e s t s u r v iv in g  c h ild re n . I t  w ould  h av e  been in te re s tin g  to com pare
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re p o r ts  b y  ty p e  o f m a r r ia g e , s ince  those w id o w e d  o f a consensual u n io n , 
h a v in g  no legal fo rc e , m ig h t c o n s id e r th e m s e lv e s  as re tu rn in g  to a 
s in g le  s ta te , th o u g h  o b v io u s ly  th is  w o u ld  not b e  easy to in v e s tig a te  
in a re tro s p e c tiv e  s u r v e y . T h e re  is a te n d e n c y  in some c o u n tr ie s  w h e re  
con sensu al un ion s  a re  com m en fo r p ro p o rtio n s  s in g le  to in c re as e  a fte r  
abo ut age 40; th is  could  be the re s u lt  o f in c re a s in g  p ro p o rtio n s  
m a r r y in g ,  o r  o f some such e r r o r  as th a t s u g g es ted  h e r e .  It w ou ld  also  
h ave  been in te re s t in g  to h a v e  con du cted  the a n a ly s is  b y  p re s e n t m a rita l 
status; the q u e s tio n  r e fe r r e d  to w ido w ho od  fro m  f ir s t  h u s b a n d , and i f  
the in fo rm atio n  w e re  ta b u la te d  b y  c u r r e n t  m a r ita l s ta tu s , and b y  w h e th e r  
m a r r ie d  once o r  m ore than  o nce , it  w o u ld  be p oss ib le  to get some c h e c k  
as to w h e th e r it  w as f i r s t  h u s b a n d s  th a t w e re  b e in g  re p o r te d . It is 
o b v io u s ly  v ita l th a t th is  lim ita tio n  to f i r s t  h u s b a n d s  shou ld  be ad h ered  
to . I f  a w id o w e d  woman re m a rr ie s  and fa ils  to re p o r t  h e rs e lf  as w id o w e d  
fro m  f ir s t  h u s b a n d , m o rta lity  w ill  be s e r io u s ly  u n d e re s tim a te d . I f  a 
d iv o rc e d  w om an re m a rr ie s  and  is then  w id o w e d  o f h e r  second h u s h a n d , and  
re p o r ts  h e rs e lf  as w id o w ed  o f f i r s t  h u s b a n d , m o rta lity  m ay be o v e re s t im a te d ,  
a n d  assum ptions about e x p o s u re  to r is k  a n d  the age d is tr ib u t io n  o f m a le s  
at m a rr ia g e  w i l l  be in v a lid a te d . U n fo r tu n a te ly , it  w as not p oss ib le  
to p ro du ce  these  ta b u la tio n s , and even  i f  th e y  had been p ro d u c e d , it 
is d o u b tfu l w h e th e r  the sam ple  s iz e  w o u ld  h av e  been s u ffic ie n t to a llo w  
f irm  con c lu s io n s  to be d r a w n . F irm  co n c lu s io n s  as to the success of 
the q uestio n  w i l l  have to w a it  fo r the re s u lts  o f fu r th e r ,  la rg e r  s u r v e y s  
w ith  tab u la tio n  p ro gram m es  d es ig n ed  fo r th is  sort o f e v a lu a tio n .
As it is ,  com m ent has  to be re s tr ic te d  to the co n s is ten cy  and  
p la u s ib il i ty  o f the p ro p o rtio n s  not w id o w e d . T h e s e  p ro p o rtio n s , s h o w n  
in  T a b le  5 .3 ,  do not fa ll w ith  p e rfe c t r e g u la r i ty  w ith  a g e , a lth o u g h  the  
m o rta lity  es tim ates  d e r iv e d  from  them  fa ll w ith in  a s a tis fa c to rily  n a r r o w  
ra n g e .' It is p o s s ib le  th a t the v a r ia t io n s  from  age g ro u p  to age g ro u p  
can be accou nted  fo r b y  sam p lin g  e r r o r ;  the  n u m b e r o f w idow ed  w o m en
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ex c ee d s  100 fo r  o n ly  th re e  age g ro u p s , and up to a g e  35 the  n u m b e r  
is an age  g ro u p  does not exceed  52. T h e  w id o w h o o d  method a n a ly s e s  
re p o r ts  o f  o ld e r  re s p o n d e n ts  than  o rp h a n h o o d , and is  o n ly  co n cern ed  w ith  
the eve i— m a r r ie d  p o rtio n  o f respondents; the n u m b e rs  a re  th e re fo re  s m a lle r ,  
e s p e c ia lly  in a r a p id ly  g ro w in g  p o p u la tio n  o r a la te  m a rry in g  p o p u la tio n ,  
and  the  p o s s ib le  sa m p lin g  e r r o r s  o f p ro p o rtin s  not w id o w e d  a re  c o r re s p o n -  
in g ly  g r e a te r ,  fo r  a g iv e n  sam ple s iz e . No es tim a te s  o f the sa m p lin g  
e r r o r s  a tta c h e d  to the w ido w ho od  p ro p o rtio n s  re p o r te d  b y  the H o n d u ra s  
s u rv e y  a re  a v a ila b le ,  b u t i t  seems reaso nab le  to s u p p o s e  that th e y  cou ld  
e x p la in  m uch  o f the v a r ia t io n  w ith  ag e .
CHAPTER SIX
Conclusions
6 .1  In tro d u c tio n
T h e  deve lo pm en t, c r it ic is m  a n d  a p p lic a tio n  o f the  two in d ire c t  
m ethods o f an a ly s is  in the p re v io u s  c h a p te rs  h ave  been d es c rib e d  in  
su c h  d e ta il tha t it is d if f ic u lt  to in d e n t ify  the  m ost im p o rta n t p o in ts .
T h is  c h a p te r w ill  th e re fo re  s u m m a rize  the ad va n ta g es  and d is a d van tag es  
of each  m ethod, from  th eo re tica l a n d  p ra c tic a l s ta n d p o in ts . D ra w in g  a ll 
the  th re a d s  tog e th er in th is  w ay  w i l l  m ake it e a s ie r  to assess the  
s u ita b il i ty  o f these m ethods fo r u s e  in d e v e lo p in g  c o u n tr ie s .
6 .2  O rphanhood  of E ledest S u r v iv in g  C h ild re n
T h e  m ethod based on an a n a ly s is  o f re p o rts  o f e ld e s t s u rv iv in g  
c h ild re n  has two p r in c ip a l th e o re tic a l ad v a n ta g es  o v e r the  o r ig in a l 
o rp h an h o o d  m ethod . T h e  f ir s t  is  th a t each p a re n t  is re p o rte d  o n ly  
o n c e , so any  bias in trod uced  b y  a re la tio n  b e tw een  n u m b e r o f c h ild re n  
a n d  s u rv iv a l o f p a re n t is e lim in a te d . T h e  second is th a t, at least 
fo r  respondents  up to e a r ly  m id d le  ag e , m ost e ld e s t s u r v iv in g  c h ild re n  
a re  f irs tb o rn  c h ild re n ; the age d is tr ib u t io n  o f p a re n ts  at the b ir th  
o f th e ir  f irs t  c h ild  is both n a r r o w e r  and e a r l ie r  than  th a t fo r a ll 
c h ild r e n . T h is  reduces the e r r o r s  th a t a r is e  from  d e v ia tio n s  from  
th e  assum ptions, such as fo r e x a m p le  the shape o f the m odel age  
s p e c ific  fe r t i l i t y  d is tr ib u t io n . T h e  m ethod g iv e s  no a d v a n ta g e , h o w e v e r, 
in  the case of p aren ts  w ith  no s u r v iv in g  c h ild r e n , o r n o n -p a re n ts ,  
b oth  of whom w ill be u n re p re s e n te d  in any  m o rta lity  es tim ate . A fu r th e r  
a d van tag e  of the e a r l ie r  and n a r r o w e r  f e r t i l i t y  d is tr ib u t io n  is that 
th e  age d iffe re n c e  betw een  p a r e n t  and re s p o n d e n t is s m a lle r , and the
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ev e n ts  re p o r te d  w il l  thu s  have  o c u rr e d  both  m ore re c e n tly  and  o v e r a 
s h o rte r  tim e in t e r v a l .  T h e  p r in c ip a l th e o re tic a l d is a d v a n ta g e  of the  
m ethod a r is e s  fro m  the  lim ita tio n  to e ld e s t  s u r v iv in g  c h i ld r e n .  T h e  
b ir th  o rd e r  com p o s itio n  o f e ld e s t s u r v iv in g  c h ild re n  tu rn s  out to v a r y  
s h a rp ly  w ith  th e  le v e l a n d  age p a tte rn  o f m o rta lity , as w e ll as to 
some e x te n t w ith  f e r t i l i t y ,  and th e  o rp h a n h o o d  e x p e r ie n c e  o f e ld e s t  
s u r v iv in g  c h i ld r e n  is d e p e n d e n t on the b ir th  o rd e r  com position  of the  
c la ss . T h is  in  p ra c tic e  m akes it  n e c e s s a ry  to use a d if fe re n t  set 
of w e ig h ts  f o r  d if fe re n t  le v e ls  o f c h ild h o o d  m o r ta l i ty ,  and fo r  
d if fe re n t  age p a tte rn s  o f m o r ta l i ty ,  an u n s a tis fa c to ry  s itu a tio n  s ince  
it is th is  la t t e r  w h ic h  the  m ethod a im s to e s tim a te . T h e  in c lu s io n  
of la te r  b ir th s  am ongst e ld e s t s u r v iv in g  c h ild re n  a lso  red uces  the  
ad van tag e  o f th e  n a r ro w  and e a r ly  f i r s t  b ir th  d is t r ib u t io n .
From  th e  p ra c tic a l p o in t o f v ie w ,  the  m ost im p o rta n t p o in t is 
p ro b a b ly  th a t  the s u r v e y  q u e s tio n  'A r e  you  y o u r  m o th e r 's  e ld e s t s u r v iv in g  
c h ild ? ' c a u s e d  g re a t d if f ic u lty  in  H o n d u ra s  in  the f ie ld .  T h e  data  
u n d e r lin e  th is ;  the p ro p o rtio n s  o f res p o n d e n ts  re p o r t in g  them se lves  to 
be e ld e s t s u r v iv in g  c h ild re n  h a v e  an age p a tte rn  q u ite  u n lik e  th a t  
sug gested  b y  the m o d e l, s ta r t in g  lo w e r and e n d in g  up  h ig h e r  as age  
in c re a s e s . T h e  fac t th a t  p ro p o rtio n s  o rp h a n e d  w e re  v e r y  s im ila r  fo r  
both e ld e s t s u r v iv in g  and  a ll c h ild r e n  suggests  th a t the  c la ss ific a tio n  
as an e ld e s t  s u r v iv in g  c h ild  w as  m ore  o r less a r b i t r a r y .  It is not 
of cou rse  im p o s s ib le  th a t a re s p o n d e n t sho u ld  n ot kno w  w h e th e r he is 
an e ld e s t s u r v iv in g  c h ild  o r n o t. T h is  is so p a r t ic u la r ly  in  the case  
of re m a rr ia g e s , w h e re  a c h ild  o f the  f i r s t  m a r r ia g e  m ay be looked a fte r  
b y  r e la t iv e s ,  thu s  g iv in g  the e ld e s t  s u r v iv in g  c h ild  o f the second  
m a rria g e  n o  g ro u n d s  fo r su p p o s in g  that he is not an e ld e s t s u r v iv in g  
c h ild . T h e  same e ffe c t w ill  a r is e  w hen  the  c h ild re n  leave  hom e, o r 
w hen  a fa m ily  b re a k s  u p , as i t  m ig h t i f  one o r  o th e r  o f the p are n ts
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d ie d .  T h e  m ethod seems to show  no lessen in g  o f the ado ption  e ffec t 
am o ng st you ng  res p o n d e n ts , w ith  the re s u lt  th a t p ro p o rtio n s  o rp haned  
up  to  the age o f 15 o r 20 a re  o f l it t le  v a lu e . T h is  re s tr ic ts  the  
u s a b le  age ra n g e  c o n s id e ra b ly , s ince  o v e r the age o f 40 the c o rre c tio n  
fo r  m o rta lity  becom es in c re a s in g ly  susp ect.
A  m in o r d is a d v a n ta g e  o f th e  e ld e s t s u r v iv in g  c h ild  tec h n iq u e  is 
th a t in  a p p lic a tio n  it is ra th e r  u n t id y . T h e  se lec tion  o f a set o f 
w e ig h ts  is m ade w ith  th ree  c r i t e r ia ,  the f ir s t  b ir th  m ean , the level 
o f c h ild h o o d  m o rta lity , and the  o v e ra ll leve l o f m o rta lity ; th is  m akes  
the  se lec tion  p ro c e d u re  som ew hat te d io u s . It m ig h t be th o u g h t tha t 
re s t r ic t in g  the  n u m b e r o f re p o r ts , as the e ld e s t s u r v iv in g  ch ild  
te c h n iq u e  d o es , w ou ld  n ecess ita te  in c re as e d  sam ple s ize  fo r a g iv e n  
p re c is io n . T h is  is not so, h o w e v e r , s ince a lm ost a ll d em o g rap h ic  
sam p le  a re  se lec ted  u s in g  the household  as the basic  u n it  of in v e s t­
ig a tio n ; the n u m b e r o f even ts  (o r n o n -e v e n ts ) re p o rte d  w ill  be o n ly  
a l i t t le  s m a lle r  in the e ld e s t s u r v iv in g  c h ild  case than in  the a ll 
c h ild r e n  c a s e . On the  o th e r h a n d , one sou rce  o f sam p le  v a r ia n c e , 
a r is in g  from  m u lt ip le  re p o r t in g  o f the  same e v e n t, w ill  be e lim in a te d . 
S am ple  s ize  does not need to be in c re as e d  m uch fo r th is  method and  
w il l  u s u a lly  s till  be s m a lle r than  the sam ple needed fo r  co llec tin g  
f e r t i l i t y  in fo rm a tio n .
One of the  p r in c ip a l re s e rv a tio n s  about the use of the a ll c h ild re n  
o rp h a n h o o d  te c h n iq u e  a ris e s  from  the m u lt ip le  re p o r t in g , by a n u m b e r  
o f c h ild re n , o f the same e v e n t , the  s u r v iv a l o r o th e rw is e  of the 
p a r e n t .  T h e  red u c tio n  o f a n y  b ias  a r is in g  from  th is  is  one o f the
a d v a n tag es  p u t fo rw a rd  in fa v o u r o f the e ld e s t s u r v iv in g  c h ild re n  
d e v e lo p m e n t. A n a lte rn a t iv e  ap p ro ach  has re c e n tly  b een  suggest (U .N . ;
fo rth co m in g ) w h e re b y  the o rp hanh oo d  q u e s tio n  is p a ire d  w ith  a question  
about the n u m b e r o f the re s p o n d e n t's  s ib l in g s . T h is  in fo rm a tio n  is then  
used to w e ig h t th e  orphanhood  in fo rm atio n  to  s im u la te  th e  e ffe c t o f 
one re p o r t  p e r  p a re n t . As w ith  the  e ld e s t s u r v iv in g  c h i ld r e n  d eve lo pm en t, 
an e x tr a  s u rv e y  q ues tio n  is re q u ir e d , b u t i t  is a m ore  d if f ic u l t  question  
s ince  it  re q u ire s  a n u m eric a l re s p o n s e . A n s w e r in g  it a lso  re q u ire s  a 
com plete k n o w le d g e  o f the c u r r e n t  state o f the  fa m ily . T h is  d evelopm ent 
does not sh are  w ith  the e ld e s t s u r v iv in g  c h ild re n  d e v e lo p m e n t the added  
ad van tag e  o f a n a r ro w e r  f e r t i l i t y  d is t r ib u t io n . F o r y o u n g  respondents  
a b ias  is in tro d u c e d  because age and b ir th  o rd e r  to g e th e r a re  re la ted  
to age o f m o ther; a c h ild  o f one w ith  ten  s ib lin g s  w i l l  h a v e  an o ld e r  
than  a v e ra g e  m o th e r, a c h ild  o f one w ith  no  s ib lin g s  a y o u n g e r  than  
a v e ra g e  m o th e r. It is u n lik e ly  that th is  b ia s  w ill be im p o r ta n t  for 
resp o n d en ts  aged  20 o r  m o re , so in p ra c tic e  its im p ac t w i l l  be sm a ll.
On the w ho le  h o w e v e r the d eve lo p m en t seem s to h av e  m o re  d is a d v an tag e s , 
and fe w e r a d v a n ta g e s , than  the  e ld es t s u r v iv in g  c h i ld r e n  d eve lo pm en t.
6 .3  W idow hood from  F ir s t  Spouse
T h e  th e o re tic a l ad v a n ta g es  of th is  m ethod a re  r a th e r  s im ila r  
to those g iv e n  in  the p re v io u s  sectio n . T h e  q u es tio n  re la te s  o n ly  
to f ir s t  spo use , so th e re  is b y  and la rg e  o n ly  one re p o r t  p e r  event; 
m ore than  tw o  such re p o rts  w ou ld  be r a r e .  T h e  age d is tr ib u t io n  of 
f i r s t  m a rr ia g e s  is v e r y  n a r ro w  and e a r ly ,  n a r ro w e r  an d  e a r l ie r  than  
the  f irs t  b ir th  d is tr ib u t io n . T h e  f i r s t  m a rr ia g e  d is t r ib u t io n  is o n ly  
of in te re s t fo r  respondents ; fo r th e ir  spo uses , the  d is tr ib u t io n  
re q u ire d  is th a t o f those m a rry in g  s in g le  m em bers o f th e  resp on den t's  
sex; th is  d is tr ib u t io n  a lso  seem s, on th e  som ew hat s c a n ty  ev iden ce  
e x a m in e d , to be fa ir ly  n a r ro w  and f a i r ly  e a r ly .  T h u s  th e  effects o f 
d e v ia tio n s  from  the assum ptions a re  k e p t  low , and the  m o rta lity  e x p e rie n c e
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b e in g  m e a s u re d  is f a i r ly  re c e n t. T r i a l s  w ith  d if fe re n t  leve ls  and p a tte rn s  
of m o r ta l i ty ,  and  e x tre m e  m a rr ia g e  p a t te r n s , show ed the w id o w h o o d  m ethod  
to be ro b u s t to d e v ia t io n s  from  the m o d e l as s u m p tio n s . T h e  m e th o d  does  
have  d is a d v a n ta g e s , o f c o u rs e . T h e  a im  is to m eas u re  the m o r ta l i ty  o f 
the w h o le  p o p u la tio n , b u t  the w h o le  p o p u la tio n  is not in fact c o v e r e d .
T h e  m o rta lity  o f those w h o  rem a in  s in g le ,  g e n e ra lly  above the p o p u la tio n  
a v e ra g e , is  not re p re s e n te d , n o r is  th e  m o rta lity  o f those w ho n e v e r  m a rry  
a p re v io u s ly  s in g le  spouse; o rp h a n h o o d  s u ffe rs  from  ra th e r  s im i la r  re s tr ic t io n s . 
T h e  e ffec t o f  these e r r o r s  w il l  be m in im a l, in a soc ie ty  w h e re  m a r r ia g e  is 
v ir t u a l ly  u n iv e r s a l,  a n d  most m a r r ia g e s  take  p lace  betw een  s in g le  p a r tn e rs ,  
a s itu a tio n  c lo s e r to th a t  o f the  d e v e lo p in g  w o r ld  than  the d e v e lo p e d .
P e rh a p s  the  most s e r io u s  d is a d v a n ta g e  is the a p p a re n t lin k  b e tw e e n  w idow hood  
and  re d u c e d  life  e x p e c ta n c y  o f th e  s u r v iv in g  spo use , b u t the e v id e n c e  fo r  
th is  l in k  is based on s tu d ie s  in  d e v e lo p e d  c o u n tr ie s . T h e re  is c e r ta in ly  
no e v id e n c e  o f a s u b s ta n tia l u n d e re s tim a te  o f m o rta lity , r e la t iv e  to 
o rp h a n h o o d  e s tim a te s , from  the  H o n d u ra s  d a ta .
No re p o r ts  have  b een  re c e iv e d  from  H o n d u ra s  tha t the w id o w h o o d  
q u e s tio n  posed p ro b le m s  in  the f ie ld .  In d e e d , it  is a s im ple  e n o u g h  
q u e s tio n  w ith  o n ly  fo u r  p o s s ib le  a n s w e rs  (y e s , n o , d o n 't k n o w , and n e v e r  
m a r r ie d )  , p re s e n tin g  no cod ing  o r  tab u la tio n  p ro b le m s . T h e  in fo rm a tio n  
need ed  fo r  f itt in g  p u rp o s e s , m a le  and  fem ale  p ro p o rtio n s  evei— m a rr ie d  
b y  a g e , is co llec ted  as  a m a tte r o f  ro u tin e  b y  d em o g rap h ic  s u r v e y s ,  so 
th e re  a re  no e x tra  d a ta  c o lle c tio n  needs o th e r than  the q u e s tio n  its e lf .
T h e  p ro p o rtio n s  w id o w e d  r e p o r te d  in H o n d u ra s  do r is e  w ith  a g e , b u t not 
e x a c t ly  sm ooth ly; th e  m o rta lity  es tim a te s  ju m p  aro u n d  s o m e w h a t, b u t show  
no c le a r  u p w a rd  o r  d o w n w a rd  t r e n d  w ith  a g e . T h e s e  ir r e g u la r i t ie s  can 
e a s ily  be e x p la in e d  in  term s o f s a m p lin g  e r r o r  and age m is r e p o r t in g . One  
of the g re a te s t v ir tu e s  o f the  w id o w h o o d  m ethod is that it  has  no  
e q u iv a le n t  of the a d o p tio n  e ffe c t in  o rp h a n h o o d . T h e  f i r s t ,  a n d  in late  
m a rr ia g e  s itu a tio n s  also the  s e c o n d , estim ate  is u n re lia b le  b e c a u s e  of 
v a r ia t io n s  in e x p o s u re  to r is k ,  b u t  th e re a fte r  a ll age g ro u p s  seem to
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g iv e  s a tis fa c to ry  e s tim a te s . T h is  has the a d v a n ta g e  of o b ta in in g  a 
m o rta lity  es tim ate  fo r  a mean expo sure  to r is k  o f  as lit t le  as fiv e  o r  
s ix  y e a r s ,  w h e re as  no re lia b le  estim ate can be o b ta in e d  from  o rp hanh oo d  
from  an e x p o s u re  o f less than 20 years ; th is  is  p a r t ic u la r ly  im p o rta n t  
w hen  m o rta lity  is c h a n g in g .
W idow hood p ro b a b ly  does re q u ire  so m e w h a t la rg e r  sam ples th a n  o rp h a n ­
hood, p a r t ly  b ecau se  not e v e ry o n e  m a rr ie s , a n d  p a r t ly  because the a n a ly s is  
is o n ly  a p p lie d  to resp on den ts  aged 25 and o v e r ,  w ho m ay not be v e ry  
n u m ero u s  in a r a p id ly  g ro w in g  p o p u la tio n . T h e r e  is some d a n g e r th a t  
re s p o n d e n ts  m ay n o t know  the fate o f a spouse from  whom  th ey  w e re  sep arated  
o r ig in a l ly  o th e r th a n  by w idow hood , though th is  is not a se rio us  p ro b le m  
i f  th e y  re p o r t  th em se lves  as 'd o n 't know s' ; th e r e  is also  some d a n g e r  that 
a re s p o n d e n t w ho  has re m a rr ie d  may re p o rt  f o r  the second h usban d  ra th e r  
than  fo r  the f i r s t .  T h e  B ang la Desh s u rv e y  w i l l  m ake it  p o ss ib le  to  
test fo r  such e ffe c ts , but it  seems u n lik e ly  th a t  they  w ill  be s u b s ta n tia l,  
e s p e c ia lly  fo r f a i r l y  young respondents , u n d e r  <40 s a y . T h e  co n c e p t of 
m a r r ia g e , and a ll  its possib le  in te rp re ta tio n s , is a p oss ib le  sou rce  
of t ro u b le ,  bu t is  u n lik e ly  to p ro ve  serio us  a s  long as m a rria g e  is  
d e fin e d  as w id e ly  as p os s ib le , and re a s o n a b ly  con s is te n tly  th ro u g h o u t.
6 .4  C o n c lu s io n s  on O rphanhood and W id ow ho o d
T h e  a tte m p t to deve lo p  sa tis facto ry  a n a ly s e s  o f in fo rm ation  on  
o rp h a n h o o d  o f e ld e s t  s u rv iv in g  c h ild re n  a n d  w idow hood from  f i r s t  
spouse was u n d e rta k e n  in the hope that a s a tis fa c to ry  in d ire c t m ethod  
of e s tim a tin g  a d u lt  m o rta lity , p a r t ic u la r ly  m a le  m o rta lity , in  
s ta t is t ic a lly  u n d e rd e v e lo p e d  cou ntries  w o u ld  re s u lt. T h e  d eve lo p m en t 
of th e  o rp h a n h o o d  m ethod has p ro ved  d is a p p o in t in g , both th e o re tic a lly  
and p r a c t ic a l ly .  T h e  w idow hood m ethod , h o w e v e r , shows d is t in c t  p rom ise  
fo r e s tim a tin g  m ale  m o rta lity , and seems l ik e ly  to be alm ost as s a tis -
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fa c to ry  at es tim a tin g  fem ale m o rta lity ;  i t  is a lm o st as s a tis fa c to ry  on  
d a ta  c o lle c tio n  g ro u n d s  as th e  o r ig in a l o rp hanh oo d  m eth o d , can p ro d u ce  
re a s o n a b le  estim ates  fo r e a c h  s ex , th u s  im p ro v in g  c o m p a ra b ility ,  
a n d  is m ore  ro b ust to d e v ia t io n s  from  its  assum ption s  than  the o r ig in a l  
o rp h a n h o o d  m ethod. It  is a ls o  less a ffec ted  than  th e  a ll c h ild re n  
o rp h a n h o o d  tech n iq u e  by th e  b ias in tro d u c e d  b y  m u lt ip le  re p o r t in g  o f  
the same e v e n t . T h e  im p a c t o f a re la t io n s h ip  b e tw een  the  m o rta lity  o f 
th e  re p o r te r  and the m o r ta l i ty  of the  p erson  re p o r te d  fo r  m ay be  
e q u a lly  s e rio u s  h o w e v e r.
It is o b v io u s ly  too e a r ly  to a s s e r t  tha t the  w ido w ho od  m ethod  
is an im p o rtan t a d v a n ce . M a n y  m ore a p p lic a tio n s  a re  n e e d e d , in  a w id e  
ra n g e  of c u ltu re s , b efo re  a n y  such c la im  cou ld  be m ad e . It  a p p e a rs ,  
h o w e v e r, th a t the m ethod h a s  d is t in c t  p ro m is e , and  is w o rth  in c lu d in g ,  
at f ir s t  on an e x p e r im e n ta l b as is , w h e n  p la n n in g  a d em o g ra p h ic  s u r v e y ,  
e s p e c ia lly  s ince  its cost is  low , both in  data c o lle c tio n  and  tab u la tio n  
te rm s .
It is p e rh a p s  too e a r ly  to condem n the o rp h a n h o o d  of e ld e s t  
s u r v iv in g  c h ild re n  te c h n iq u e  out o f h a n d , b u t it  seems l ik e ly  to cause  
data co lle c tio n  p ro b lem s in  o b ta in in g  re s u lts  w h ic h  a re  at best 
u n c o n firm e d . T h e  p ro b le m s  ra is e d  w h ils t  d e v e lo p in g  the m ethod a re  
q u ite  in te re s tin g  in th e ir  ow n  r ig h t ,  but the m ethod its e lf  can o n ly  
be recom m ended fo r in c lu s io n  in  a s u r v e ry  w ho se  m ain  aim  is  to be 
e x p e r im e n ta l.
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CHAPTER SEVEN
T h e  E ffe c ts  o f C h a n g in g  M o r ta lity  and A g e  M is re p o rtin g
7 .1  In tro d u c t io n
T h e  m ethods o f a n a ly s is  w h ich  h a v e  been d e s c r ib e d  above a re  based  
on p a r t ic u la r  m odels  o f f e r t i l i t y ,  m o rta lity  and n u p t ia l i ty .  A n actua l 
p o p u la tio n  w il l  d e v ia te  from  these  m odels in  c e rta in  w a y s . It  is 
s tr a ig h t fo r w a r d  to fin d  out the  effects  o f d e v ia tio n s  from  some aspects  
o f th e s e  m o d e ls . T h u s  the im p o rtan ce  o f assum ing  a p a r t ic u la r  fe r t i l i t y  
fu n c tio n  can be e x am in ed  s im p ly  b y  re p e a tin g  a ll steps u s in g  a ra th e r  
d if f e r e n t  fu n c tio n . T e s ts  o f th is  k in d  h ave  been w id e ly  a p p lie d , and  
t h e i r  re s u lts  h a v e  been d e s c r ib e d  in C h a p te rs  3 and 4 . H o w e v e r ,  
t h e r e  a re  some d e v ia tio n s  w hose e ffects  a re  e x tre m e ly  d if f ic u lt  to 
a s s e s s , in  th e ir  m ag n itud e  an d  even  in  th e ir  d ir e c t io n . T h e  p o s s ib ility  
th a t  s u b s ta n tia l b iases m ay be  in tro d u c e d  has been m entioned  in  the  
t e x t ,  w ith o u t a n y  a ttem p t at q u a n tif ic a t io n . In an a ttem p t to re c t ify  
th is  u n s a tis fa c to ry  s itu a tio n , a p a r t ic u la r  case has been  exam ined  to 
th r o w  some l ig h t  on the im p o rtan ce  o f tw o effects  com m only enco un tered  
in  d e v e lo p in g  c o u n tr ie s ; th is  C h a p te r d e s c rib e s  the c a lc u la tio n s  and  
th e  f in d in g s .
O f the  tw o  d e v ia tio n s  to be e x a m in e d , one is a rea l fe a tu re  of 
th e  p o p u la tio n , w h e re a s  the  o th er is a case o f m is re p o r t in g . D e c lin in g  
m o r ta l i ty  is a fe a tu re  o f a lm ost a ll d e v e lo p in g  c o u n tr ie s , the p e r io d  
o f  the d e c lin e  v a ry in g  from  as long as fo r ty  o r f ity  y e a rs  to as short 
a s  tw e n ty  y e a r s .  It  is c le a r  that the use o f re tro s p e c tiv e  q ues tio ns  in  
s u c h  c irc u m s tan c e s  ra is e s  specia l p ro b le m s . A ge m is re p o rtin g  is a 
u n iv e r s a l fe a tu re  o f s u r v e y  data co lle c ted  in d ev e lo p in g  c o u n tr ie s , 
ra n g in g  fro m  m assive  d is to r tio n s  common in  A fr ic a  to m in o r age heap ing  
in  South E a s t A sia  and p a r ts  o f L a tin  A m e ric a . In the  sections that
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fo llo w , a p a r t ic u la r  ex a m p le  w ill  be w o rk e d  th ro u g h  to in d ic a te  h o w  
these tw o d e v ia tio n s  fro m  model assum ptions a re  l ik e ly  to affect 
m o rta lity  es tim ates  d e r iv e d  from  these in d ire c t  te c h n iq u e s .
7 .2  T h e  E ffec t o f D e c lin in g  M o r ta lity .
T h e  a ll c h ild re n  o rp hanh oo d  m ethod has been used to tes t th e  effect 
of d e c lin in g  m o rta lity . T h is  m ethod w a s  chosen because d e c lin in g  m o rta lity  
w ould  h ave  a much s m a lle r im pact on w ido w ho od , and the te c h n iq u e s  d e v e l­
oped w o u ld  be u n a b le  to a llo w  fo r d e c lin g  m o rta lity  in the a d ju s tm e n t  
p ro cess  fo r  e ld e s t s u r v iv in g  c h ild r e n .
T o  see the s o r t  o f e ffec t d e c lin in g  m o rta lity  w ou ld  h a v e , th e  
p ro p o rtio n  o f re s p o n d en ts  w ith  a s u r v iv in g  m o ther in a p o p u la tio n  
e x p e r ie n c in g  d e c lin in g  m o rta lity  w e re  es tim ated . T h e  s ta n d a rd  w e ig h ts  
fo r c o n v e r t in g  such  p ro p o rtio n s  in to  life  tab le  s u r v iv io rs h ip  p ro b a b ilit ie s  
w e re  then  a p p lie d . T h e  s u r v iv o rs h ip  p ro b a b ilit ie s  w e re  then com pared  
w ith  v a r io u s  p e r io d  and coh ort s u r v iv o rs h ip  p ro b a b ilit ie s  fo r th e  actual 
p o p u la tio n  to see w h a t e ffec t the d e c lin in g  m o rta lity  h as .
T h e  p o p u la tio n  e x p e r ie n c in g  d e c lin in g  m o rta lity  was b a s e d  on a 
s tab le  p o p u la tio n  h a v in g  an exp e c ta tio n  o f life  at b ir th  o f 40 y e a rs .
F o r the 20 y e a rs  p re c e e d in g  the p o in t in tim e being  c o n s id e re d , m o rt­
a l i ty  w as assum ed to d ec lin e  l in e a r ly  to g iv e  an expectation  o f  life  
at b ir th  o f 50 y e a rs .  T h e  B rass  model life  tab le  system  w a s  used  
th ro u g h o u t, and to red u c e  the p re p a ra to ry  w o rk  in v o lv e d , the  tabu lations  
o f the A fr ic a n  S ta n d a rd  life  tab le  p u b lis h e d  b y  C a r r ie r  and H o b c ra ft  
w e re  u sed  (C a r r ie r  and H o bcra ft; 1 9 7 1 ). T h e  in it ia l s tab le  p op u la tio n  
se lec ted  had a g ro ss  re p ro d u c tio n  ra te  o f 2 .8 ,  a p p ro x im a te ly  in agreem ent 
w ith  the  assum ed total f e r t i l i t y  ra te  o f 6 .0 ,  a g ro w th  ra te  o f  1 .9  p er  
c e n t, a n d  an a v e ra g e  age p a tte rn  o f m o rta lity  (the second l i fe  table
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p a ra m e te r , b e ta , w as p u t equal to 1 . 0 ) .  T h e  m o r ta l i ty  d e c lin e  was  
s im u la te d  b y  d iv id in g  the 20 y e a r  p e r io d  o f d e c lin e  in to  ten p e r io d s  
o f 21 y e a rs ,  so th a t d u r in g  each p e r io d  m o r ta l i ty  was co n s ta n t, 
d ro p p in g  a t the end  o f  each p e r io d  to a new  life  ta b le  h a v in g  an e x p e c ­
ta tio n  o f life  l i  y e a rs  lo n g e r .
F o r each life  ta b le , s u r v iv o rs h ip  p r o b a b il i t ie s  from  age a to 
age a + 21 fo r  a ll v a lu e s  o f a w e re  o b ta in ed  f ro m  the C a r r ie r -  
H o b c ra ft ta b le s , in te rp o la t in g  l in e a r ly  w h e re  n e c e s s a ry  on the lo g it  
s c a le . T h e s e  s u r v iv o rs h ip  p ro b a b ilit ie s  w e re  th e n  used to c o n s tru c t a 
com posite  s u r v iv o r s h ip  fu n c tio n  fo r ages at the  tim e  o f in v e s tig a tio n .  
T h u s  a p ers o n  age 25 w ill  h ave  e x p e r ie n c e d  th e  o r ig in a l m o rta lity  
c o n d itio n s  to age f iv e ,  then  b etw een  5 and 7$ he w il l  h av e  e x p e r ie n c e d  
a r a th e r  l ig h te r  m o rta lity  re g im e  w ith  an e x p e c ta tio n  o f life  a t b ir th  
o f 411 y e a rs ,  and  betw een  71 and  10 a som ew hat l ig h te r  reg im e  
a g a in , and  so on u n t il  the p e r io d  b etw een  221 and  25 , w hen  h is  
m o rta lity  r is k s  w i l l  have  been  associated  w ith  a life  tab le  h av in g  
an e x p e c ta tio n  o f l i fe  at b ir th  o f 50 y e a rs .  T h e  fin a l p ro b a b ility  
o f s u r v iv in g  to 25 is thus the  p ro d u c t o f a n u m b e r  o f 2 i  y e a r  s u r ­
v iv o r s h ip  p ro b a b ilit ie s  d ra w n  from  a n u m b e r o f  d if fe re n t  life  ta b le s .
T h e  sm alln ess  o f th e  steps used m akes th is  a re a s o n a b le  a p p ro x im a tio n , 
fo r  p ra c tic a l p u rp o s e s , to an ac tua l m o rta lity  d e c lin e .
T h e  p ro p o rt io n  o f re s p o n d en ts  not o rp h a n e d  is g iv e n  by equation  
2 .1 ,  b u t th is  can  no lo n g e r be s im p lifie d  in to  the form  g iv e n  in  
eq u a tio n  2 . 2  since the s tab le  age d is t r ib u t io n  can no lo n g e r be u s e d . 
T h e  age d is t r ib u t io n  of the p o p u la tio n  a t v a r io u s  po in ts  in  tim e was  
o b ta in e d  b y  s ta r t in g  o ff w ith  the s tab le  age d is t r ib u t io n  a lre a d y  
m e n tio n e d , and  th e n  p ro je c tin g  it fo rw a rd  a t th e  d ec re a s in g  m o rta lity  
ra te s  (b u t w ith  con s tan t f e r t i l i t y )  to g iv e  th e  age d is tr ib u t io n  e v e ry  
21 y e a rs .  T h e  p ro b a b il i ty  o f s u r v iv in g  to a g e  t+a is a v a ila b le  from
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the com posite  life  tab le  d e s c r ib e d , and the p ro b a b ility  o f  the m other 
s u r v iv in g  to age t can a ls o  be ca lcu la ted  from  the s e ts  o f s u rv iv o rs h ip  
p r o b a b il i t ie s ,  tho ug h  it h as  to be born  in m ind that th e  m o rta lity  e x p e r ­
ie n c e d  in  s u r v iv in g  to age  t is also  a function  of a ,  the age o f 
the re s p o n d e n t. W here th e  respondent is 20 o r o v e r ,  the s u rv iv a l to 
age t w il l  h ave  been u n d e r  the in it ia l m o rta lity  c o n d itio n s  but fo r  
a re s p o n d e n t u n d e r  20 som e p a rt o f the p erio d  t w i l l  have been  
d u r in g  the p e r io d  of fa l l in g  m o rta lity . C a r r ie r  and H o b c ra ft 's  age  
s p lit t in g  c o e ffic ie n ts  w e re  used to estim ate num bers a t e x a c t ages from  
the  s ta b le  p o p u la tio n  and  its  p ro je c tio n . T h e  in te g ra ls  fo rm ing  the  
n u m e ra to r  and the d en o m in a to r o f equation  2 .1  w e re  then  ev a lu a te d  by  
th e  a p p ro x im a te  m ethod d e s c r ib e d  in C h ap te r 3. T h e  p ro p o rtio n s  not 
o rp h a n e d  at p o in t ages a r e  thus o b ta in e d , and these c a n  be w e ig h te d  by  
age  d is tr ib u t io n  fac tors  in to  p ro p o rtio n s  not o rp h an ed  b y  age g ro u p s .
T h e  p ro p o rtio n s  not o rp haned  by age g ro u p  f o r  th is  p a r t ic u la r  
in s ta n c e  a re  show n in T a b le  7 .1 .  T h e  tab le  also sh o w s  the w e ig h ts  to 
be a p p lie d  fo r  th is  v a lu e  o f the mean age of c h ild b e a r in g  in the s tab le  
p o p u la tio n , the  life  ta b le  s u rv iv o rs h ip  p ro b a b ility  th u s  es tim ated , 
a n d  v a r io u s  o th e r p e r io d  and cohort p ro b a b ilit ie s  o b ta in e d  for the  same 
p o p u la tio n . It  can be seen  that orphanhood g ives  a p o o r estim ate of 
p e r io d  ra te s . A lth o u g h  the estim ates agree  at some c e n tra l age o r  o th er  
(th e  p e r io d  ra te  o f f iv e  y e a rs  e a r l ie r  fo r age 35, th e  p eriod  ra te  
o f ten y e a rs  e a r l ie r  fo r  age 50) the p erio d  ra tes  sho w  a s lo w e r rate  
o f in c re as e  o f m o rta lity  w ith  age than the o rp h an h o o d  es tim ates . T h e  
s itu a tio n  is ra th e r  d if fe r e n t  fo r co h o rts . T h e  m o r ta l i ty  e x p e rie n c e d  
r ig h t  up to the  last f iv e  years  by the cohort is w e ll  estim ated b y  
o rp h a n h o o d , but fo r p e r io d s  lo n g er ago in the p as t the  estim ates get 
p ro g r e s s iv e ly  p o o re r , w ith  orphanhood u n d e re s tim a tin g  the co h o rt's  
m o rta l i t y .
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T a b le  7 .1 : O rp h an h o o d  Estim ates in  a S itu a tio n  o f  F a ll in g  M o r ta lity
V a lu ' 5 o f  1 (N ) 1 (25 )
C e n tra l O rp han ho od P e r io d Rates C o h o rt Rates
Age Estim ate
Now 5 y e a r s  10 y e a rs N ow  A ged
ago ago 35 45 55 65
35 .926 .932 .9 2 4 .9 1 6 .926 .9 1 0 .900 .900
40 .879 .8 9 4 .8 8 3 .871 - .8 6 8 .850 .847
45 .824 .851 . 835 .8 2 0 - .825 .799 .788
50 .757 .7 9 8 .7 7 8 .7 5 9 - - .743 .724
55 .678 .731 .7 0 7 .6 8 4 - - .680 .652
60 .585 .648 .6 2 1 .5 9 5 - - - .571
65 .472 .541 .5 1 2 .4 8 5 - - - .475
T h e  s ta n d a rd  p ro c e d u re  for e s tim a tin g  the  o v e ra ll  le v e l o f a d u lt  
m o rta lity  w a s  a lso  a p p lie d  to these s y n th e t ic  o rp h a n h o o d  p ro p o rt io n s .  
T h e r e  is som e d if f ic u lty  in th is  as i t  is  not c le a r  w h a t e s tim a te  of 
c h ild h o o d  m o rta lity  shou ld  be c o m b in e d  w ith  the  o rp h a n h o o d  in fo rm a tio n . 
T w o  v a lu e s  w e re  u se d , the c o rre c t c u r r e n t  v a lu e , and the  a v e ra g e  of 
the v a lu e s  in  e ffec t betw een  21 y e a r s  and  71 y e a rs  e a r l ie r .  T h e  
e s tim a te  o f  beta , the shape d e te rm in in g  p a ra m e te r  o f the B ra s s  life  tab le  
sy s te m , w a s  ra th e r  h ig h e r  than th e  t r u e  v a lu e  o f 1 .0 ,  s u g g e s tin g  th a t  
fa l l in g  m o r ta l i ty  w ou ld  lead to a d u lt  m o rta lity  b e in g  o v e re s tim a te d  
r e la t iv e  to  c h ild  m o rta lity . T h e  p a t te r n  o f o v e re s t im a tio n , g e n tly  
r is in g  w ith  age to a ro u n d  40 , a n d  then  fa l l in g  som ew hat, is co n s is te n t 
w ith  p a t te rn s  found in  s e v era l p ra c t ic a l  a p p lic a to n s . T h e  e r r o r  is 
s m a lle r  i f  the c u r r e n t  leve l o f c h ild h o o d  m o rta lity  is  used ra th e r  than  
th a t o f  a b o u t f iv e  y e a rs  e a r ie r .
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F a llin g  m o r ta l i ty  does h a v e  an  im p ac t on  the use o f o rp hanh oo d  
in fo rm a tio n  in  e s tim a tin g  a d u lt  m o r ta l i ty .  T h e  e s tim atio n  o f  p e r io d  
ra te s  is p a r t ic u la r ly  s u s p e c t, fo r  a lth o u g h  som e e a r l ie r  p e r io d  ra te  
w ill  be a d e q u a te ly  e s tim a te d , a t le a s t on a v e ra g e  o v e r  the  a d u lt p e r io d ,  
the  d u ra t io n  and e x te n t  o f the  m o rta lity  d e c lin e  w ou ld  h a v e  to be k n o w n  
i f  the  p e r io d  w e re  to  be e s ta b lis h e d . T h e  o rp h a n h o o d  m ethod g iv e s  
a r a th e r  b e tte r  e s tim a te  o f c o h o rt m o rta lity  ra te s , the es tim a te  o f  
th e  m o rta lity  o f th e  c o h o rt fro m  the base a g e , h e re  2 5 , to the p re s e n t  
b e in g  v ir t u a l ly  u n a ffe c te d  b y  the  c h a n g in g  m o r ta l i ty .
4 .3  T h e  E ffec t o f A g e  M is re p o r t in g
N o th in g  so e la b o ra te  w as  a ttem p ted  fo r  age m is re p o rt in g  as fo r  
ch an g es  in  m o r ta l i ty .  A  s im p le  m odel o f a g e  m is re p o rt in g  was d ev e lo p ed  
as fo llo w s . T h e  In d ia n  fem ale  p o p u la tio n  o f  1911 w as  p lo tted  a g a in s t  
a b es t f it  s ta b le  p o p u la tio n  age d is t r ib u t io n  as d e s c r ib e d  in the U n ite d  
N atio n s  m anual on  a n a ly s in g  in co m p le te  d a ta  ( U .N . ;  1 9 6 7 ) . T h e  p ro p o rtio n a l 
d e v ia tio n s  fo r  e a c h  age g ro u p  w e re  re a d  o ff  the g r a p h . A  C o a le -D e m e n y  
m odel s ta b le  p o p u la tio n  fro m  the W est fa m ily  w ith  an e x p e c ta tio n  o f life  
at b ir th  o f 37 y e a r s  and  g ro w th  ra te  o f o ne  p e r  cen t p e r  annum  w as  
used  as a r e fe re n c e  age d is t r ib u t io n  (C o a le  and D em en y; 1 9 6 6 ). T h e  
d e v ia tio n s  re p o r te d  fo r In d ia  w e re  a p p lie d  to th is  age d is tr ib u t io n  to 
estim ate  the n u m b e r  o f p eo p le  re p o rte d  in  each age g ro u p . T h e  n um bers  
t ra n s fe r r e d  from  o n e  age g ro u p  to the  n e x t  to o b ta in  th e  re p o rte d  age  
d is tr ib u t io n  fro m  th e  s ta b le  one w e re  c a lc u la te d , on th e  assum ption  
th a t a ll t ra n s fe rs  w e re  fro m  an age g ro u p  to an a d ja c e n t age g ro u p ,  
but no fu r th e r .  T h e  n u m b e rs  t r a n s fe r r e d  w e re  then  e x p re s s e d  as p ro p o rtio n s  
of the  re p o rte d  s iz e  o f the  age g ro u p  th e y  w e re  t ra n s fe r r e d  to . It was  
assum ed that th o s e  t r a n s fe r r e d  had  an o rp h a n h o o d  e x p e r ie n c e  ty p ic a l o f 
the age g ro u p  th e y  w e re  t r a n s fe r r e d  fro m . P ro p o rtio n s  s u r v iv in g  fo r  
the re p o rte d  ag e  g ro u p  w e re  th e n  a r r iv e d  at b y  m u lt ip ly in g  the  p ro p o rtio n
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n o t o rp h a n e d  from  the tru e  age g ro u p  b y  th e  p ro p o rtio n  o f the re p o rte d  
a g e  g ro u p  th e y  re p re s e n te d , and d iv id in g  b y  the sum o f the p ro p o rt io n s .  
T h e  p ro p o rtio n s  not o rp h a n e d  in the  re p o r te d  age g ro u p s  a re  show n in  
T a b le  7 .2 .  A d ju s tm e n t w e ig h ts  fo r the t r u e  v a lu e  o f the m ean age  
a t f ir s t  c h ild b e a r in g  in  the  stab le  p o p u la tio n  w e re  a p p lie d  to es tim ate  
the  s u r v iv o rs h ip  p ro b a b ilit ie s  show n in  th e  ta b le . T h e  tru e  s u r v iv o rs h ip  
p ro b a b ilit ie s  a re  a lso  sho w n  in the T a b le .
T a b le 7 .2 : T h e  E ffect o f  A ge M is r e p o r t in g
A ge M odel A d ju s tm e n t fo r A g e R epo rted E stim ated T  ru e
C ro u p P ro p o rtio n M is re p o rtin g P ro p o rtio n 1 ( B + N ) / 1 ( B ) 1(B +N )
not not
O rp h a n e d O rp h a n e d
0 to 4 0 .9 8 2 tO 00 o 0 .9 8 2
5 to 9 0 .9 3 8 .0 2 3 ^  + f  + -0 8 7 f3 0 .9 3 6
10 to 14 0 .8 9 8 to o o -h 00
0 .8 9 8
15 to 19 0 .8 5 5 . 0 0 6 f, + . 814 f 0 .8 4 8  |5 *4 0 .8 1 6 0 .8 0 6
20 to 24 0 .8 1 5 . 204f + . 856f 0 .8 0 4  14 5 0 .7 5 3 0 .7 4 2
25 to 29 0 .8 6 5 . 1 59f_ + f ,  + .01  I f , 0 .7 4 0  JD O  / 0 .6 5 4 0 .6 6 5
30 to 34 0 .6 8 0 . 988f + .263f„  7 o
0 .6 3 9  j
0 .5 7 40 .5 5 0
35 to 39 0 .5 8 8 ' 705fg + -2 2 5 fg 0 .5 3 7  |
As can be seen , the  in d iv id u a l s u r v iv o r s h ip  p ro b a b ilit ie s  a re  q u ite  
s e re io u s ly  a ffec ted  b y  the  age m is r e p o r t in g , though  the a v e ra g e  leve l 
is not s e r io u s ly  b ia s e d . P a tte rns  o f ag e  m is re p o rtin g  s im ila r  to the  
one used h ere  m ay cause  some v a r ia b i l i t y  in estim ates  o f a d u lt m o r ta lity ,  
but seem u n l ik e ly  to a ffe c t the o v e r a ll  le v e l.
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Appendix 3.1
P ro g ra m m e  FBW1 c a lc u la te s  w e ig h ts  fo r th e  a n a ly s is  o f m a te rn a l
o rp h a n h o o d  am ongst f i r s tb o r n  c h i ld r e n ,  and  is re p ro d u c e d  o v e r le a f .
W ith  m in o r  changes it  c a lc u la te s  w e ig h ts  fo r  p a te rn a l o rp h a n h o o d  am ongst
f ir s tb o r n  c h ild r e n , an d  m a te rn a l and p a te rn a l o rp h a n h o o d  am o ng st a ll
c h i ld r e n .  T h e  c a lc u la tio n s  a re  d e s c r ib e d  in d e ta il  in  s e c tio n  3 .8 ,
so o n ly  an  o u tlin e  w i l l  be g iv e n  h e r e .  B r ie f ly ,  the  p ro g ra m m e  c a r r ie s
o u t the  fo llo w in g  s te p s . F e r t i l i t y ,  m o r ta lity  and  g ro w th  ra te  p a ra m e te rs
a re  re a d  in  ( lin e s  3 to  8) , and  the  re le v a n t  m odel life  ta b le  is
c o n s tru c te d  ( lin e s  10 to 1 8 ) .  A  re p e a tin g  loop  c a lc u la te s  e lem ents
o f the n u m e ra to r  o f e q u a tio n  3 .1  o v e r  the ra n g e  o f the  f e r t i l i t y
d is t r ib u t io n ,  and  sum s them  to es tim ate  the v a lu e  o f the  in te g r a l .  T h e
m ean age o f c h ild b e a r in g  is a lso  c a lc u la te d  fo r each  lo c a tio n  of the
f e r t i l i t y  d is t r ib u t io n  ( l in e s  29 to 3 4 ) .  It w i l l  be re m e m b e re d
th a t the  n u m e ra to r  o f  e q u a tio n  3 .1  fo r a p a r t ic u la r  age location  of
f e r t i l i t y  and  p e r io d  o f  s u r v iv a l w il l  be the  sam e as the  d e n o m in a to r
o f e q u a tio n  3 .1  fo r  som e o th e r  o ld e r  age lo c a tio n  o f f e r t i l i t y .
V a lu e s  o f  1 . . , / 1 , , » .  a re  c a lc u la te d  fo r d if fe r e n t  v a lu e s  of N
(25+N ) (25 )
( lin e s  37 to 4 2 ) .  F o r  s ta r t in g  ages o f 10 to  26 fo r  the f e r t i l i t y  
d is t r ib u t io n ,  v a lu e s  o f  P^ (a ) in e q u a tio n  3 .1  a re  c a lc u a lte d . A ge  
d is t r ib u t io n  fac to rs  fo r  tu r n in g  p o in t v a lu e s  in to  a v e ra g e s  fo r age 
g ro u p s  a re  d e v e lo p e d , and a re  used  to tu rn  p ro p o rt io n s  o rp h a n e d  at 
p o in t ag es  in to  p ro p o rt io n s  o rp h a n e d  in  f iv e  y e a r  age g ro u p s . T h e s e  
p ro p o rtio n s  a re  th e n  u sed  to g e th e r w ith  the  v a lu e s  o f * (25+ N )  ^* (2 5) 
to c a lc u la te  w e ig h ts  a c c o rd in g  to eq u a tio n  3 .2  ( lin e s  43 to 6 8 ) .
T h e s e  w e ig h ts  a re  fo r  ro u n d  v a lu e s  of the  s ta r t in g  age o f  f e r t i l i t y ,
A  Com puter Program me fo r C a lcu la tin g  A d justm ent W eights fo r  Use
w ith  Orphanhood R eports o f F irs tb o rn  C h ild re n
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w h ic h  w o u ld  o n ly  a c c id e n ta lly  c o in c id e  w ith  ro u nd  v a lu e s  o f the m ean
age o f c h ild b e a r in g . T h e  w e ig h ts  a re  l in e a r ly  in te rp o la te d  fo r round
v a lu e s  o f the m ean  age o f c h ild b e a r in g . T h e y  a re  then  p r in te d  o u t,
and  w r it te n  to p e rm a n e n t d isc  f i le  fo r use la te r  w ith  FBW2 (lin es
69 to 9 0 ) . T h e  p ro g ram m e th e n  re tu rn s  to read  new  m o rta lity  an d  g ro w th
p a ra m e te rs , and  goes th ro u g h  th e  same s tep s  a g a in . It  continues to d o
th is  u n t i l  it ru n s  out o f d a ta , w h e re u p o n  it  stops its e lf .
F ew  ch an g es  a re  needed  fo r  the p ro g ram m e  to w o rk  fo r m a te rn a l  
o rp h a n h o o d  am o ng st a ll c h i ld r e n .  A d if fe r e n t  f i le  needs to be s p e c if ie d  
in  lin e  1, a n d  the f e r t i l i t y  d is tr ib u t io n  ru n s  o v e r  33 y e a rs  
in s te a d  o f 20 y e a rs  in  lin e  5 . T h e  re p e a tin g  loop from  line  22 
to lin e  31 has to be execu ted  fo r  th is  n e w  n u m b er o f y e a rs . T h e  
lo w e r  lim it  on the  f i r s t  b ir th  m ean  in lin e s  73 and  76 has to be ra is e d  
to be s u ita b le  as a lo w e r lim it  fo r  the a ll b ir th  m ean , and the file  
nam e and  ra n g e  in lin e  90 h as  to be a lte r e d .
M ore ch a n g e s  a re  needed  fo r p a te rn a l o rp h a n h o o d . A d ju s tm e n ts  
h ave  to be m ade fo r  d if fe re n t  f e r t i l i t y  d is tr ib u t io n s , and th e ir  
la te r  age lo c a tio n . D if fe re n t  e s tim a tin g  e q u a tio n s  a re  u sed , and th e  
age d is tr ib u t io n  w e ig h ts  have to  be a d ju s te d  fo r the fact that e x p o s u re  
to r is k  is 2 o f a y e a r  lo n g e r than  a g e . T h e  p ro g ram m e w o rks  in  e x a c tly  
the  same w a y  as b e fo re , g iv e n  the d iffe re n c e s  in  ran ges  and d im e n s io n s  
a r is in g  from  u s in g  d if fe re n t  f e r t i l i t y  fu n c tio n s  fo r  m ales .
L is t o f M ain V a r ia b le s
Y S  ( I )  : the s ta n d a rd  lo g it  v a lu e s  of the B rass m odel
life  tab le  s y s te m .
F E R T ( I)  : the  model f e r t i l i t y  d is tr ib u t io n
B E T A  : the  second p a ra m e te r  o f the B rass m odel life
ta b le  system
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X L 2  
R A TE  
X L  (I)
PROD (J)
SU M I ( I)
X M E A N  ( I)




W E IG H T  (J J , I )  :
M EAN
T E R P (J J )
R E T E R P  (J , M E A N )
: th e  life  tab le  s u rv iv o rs  to  age 2 .
: th e  ra te  o f p o p u la tio n  g r o w th .
: th e  life  tab le  s u rv iv o rs  to  age I .
: e lem ents  o f the n u m e ra to r  o f e q u a tio n  3 .1 .
: th e  sum o f the e le m e n ts , a p p ro x im a tin g  the  v a lu e  
o f the  in te g r a l .
: th e  m ean age at f irs t  b i r t h  in  the  s tab le  p o p u la tio n .  
: 1 (2 5 + N )/ 1 (25)
: th e  p ro p o rtio n  not o rp h a n e d  a t e x a c t age J w hen  
c h ild b e a r in g  s ta rts  at a g e  I .
: age d is tr ib u t io n  fac to rs
: the  p ro p o rtio n  o rp h a n e d  in  an age g ro u p .
: the set o f f i r s tb ir th  w e ig h ts  fo r a g iv e n  m o r ta lity  
m o d e l.
: in te g e r v a lu e s  o f the f i r s tb i r t h  m ean  
: f i r s tb ir th  w e ig h ts  fo r in te g e r  v a lu e s  of M E A N .
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A p p e n d ix  3 . 2
A  C o m p u te r P rog ram m e fo r In te rp o la t in g  betw een  F ir s tb ir th  and  
A llb ir th  W e ig h ts
P ro g ra m m e  FBW 2 in te rp o la te s  betw een  f i r s tb ir th  w e ig h ts  an d  a l l ­
b ir th  w e ig h ts  to es tim a te  the w e ig h ts  fo r  e ld e s t s u r v iv in g  c h i ld r e n .
T h e  form  g iv e n  h e re  is fo r m a te rn a l o rp h a n h o o d , th o u g h  o n ly  m in o r  
changes a r e  re q u ire d  fo r its u se  w ith  p a te rn a l o rp h a n h o o d . T h e  c a lc u l­
a tions a r e  d e s c r ib e d  in  d e ta il in  sections 3 .3  and  3 .1 0 , so o n ly  an  
o u tlin e  o f  w h a t is b e in g  done w i l l  be g iv e n  h e re . T h e  p ro g ram m e  c a rr ie s  
out two p r in c ip a l o p e ra tio n s , in i t ia l ly  es tim atin g  the  b ir th  o rd e r  
c o m p o s itio n  of e ld e s t s u r v iv in g  c h ild r e n , and then  u s in g  th is  to 
in te rp o la te  betw een  f i r s t  and a l lb i r th  w e ig h ts . T h e  basic m o rta lity  
m odel, co m p le te d  p a r i ty  d is t r ib u t io n , and b ir th  in te rv a l a re  re a d  in .
T w e lv e  sets  o f a l lb i r th  and f i r s tb ir th  w e ig h ts , fo r  12 d if fe re n t  m o rta lity  
le v e ls  a n d  p a tte rn s , c a lc u la te d  b y  FBW1 , a re  read  from  d is c . T h e
re s t o f th e  p ro g ra m m e , from  lin e  9 , is rep ea ted  12 tim e s . T h e  m o rta lity  
p a ra m e te rs  and p o p u la tio n  g ro w th  ra te  a re  read  in ,  and the m o rta lity  
model d e f in e d  ( lin e s  10 to 1 4 ) .  T h e  mean age o f m other at w h ic h  
b ir th s  o c c u r  is th e n  c a lcu la te d  b y  ta k in g  each p a r i ty  from  1 to 15 
in tu rn  ( lin e s  22 to 3 4 ) .  L ines  37 to 76 a re  rep eated  10 tim es, 
once fo r  each age g ro u p  o f re s p o n d e n ts . By once again  ta k in g  each  
b ir th  o r d e r  in t u r n ,  the b ir th  o rd e r  com position  o f e ldest s u r v iv in g  c h ild re n  
is e s tim a te d  ( lin e s  41 to 5 7 ) .  T h e  mean age o f m other at the  b ir th  
of an e ld e s t  s u r v iv in g  c h ild  is then  es tim ated , and  used to in te rp o la te  
b etw e e n  the f i r s tb ir th  and a l lb i r th  w e ig h ts  a lre a d y  read in  fo r a 
ran ge  o f  f i r s tb ir th  means ( l in e s  58 to 72) . T h e  w e ig h ts  fo r  th is  
c e n tra l age  of re s p o n d e n ts , and  10 va lu e s  o f th e  f ir s tb ir th  m e a n , 
are  th e n  w r it te n  o u t, and th e  p ro gram m e c o n tin u es  to the n e x t c e n tra l 
age o f re s p o n d e n ts , and th e n  on to an o th er m o rta lity  p a tte rn .
183
F ew  ch an g es  a re  needed  to ru n  the p ro g ra m m e s  fo r  p a te rn a l o rp h a n ­
h oo d . A ll  th a t it re q u ire s  is to use a m ore r e a l is t ic  a v e ra g e  v a lu e  
fo r  the f i r s tb ir t h  m e a n , so 25 is s u b s titu te d  fo r  20 in  lin e s  24 ,
2 8 , 59 , and  60 .
L is t  o f M a in  V a r ia b le s
Y S ( I )
P (D  
B ( I )
W ( l , J , K) 
Wl ( I , J , K ) 
B E T A
X L 2
R A T E
X M E A N
Y M E A N
S
X K
W E IC H T  (J) 
N
: T h e  s ta n d a rd  lo g it v a lu e s  o f th e  B ra s s  m odel l ife  
tab le  system .
: the  com pleted  p a r i t y  d is tr ib u t io n  
: the b ir th  in te rv a l.
: the com plete set o f  a l lb i r th  w e ig h ts .
: the com plete set o f  f i r s tb i r t h  w e ig h ts .
: the second p a ra m te r  o f the B ra s s  m odel l i fe  tab le  
system .
: the  life  tab le  s u r v iv o r s  to age 2 .
: the ra te  o f p o p u la tio n  g ro w th  
: the mean age at b i r t h  o f a ll c h i ld r e n .
: the mean age at b i r t h  o f e ld e s t s u r v iv in g  c h i ld r e n .
: the am ount added  to  f i r s tb ir th  and  a l lb i r th  m eans, 
d e te rm in in g  the w e ig h ts  b e tw een  w h ic h  in te rp o la tio n  
takes  p la c e .
: the in te rp o la tio n  fa c to r .
: the w e ig h t e s tim a te d  fo r use w ith  e ld e s t s u r v iv in g  
c h ild re n .
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A p p e n d ix  3 .3
S ets o f w e ig h ts  fo r  a v a r ie ty  o f m o rta lity  and  f e r t i l i t y  co n d itio n s  
are  re p ro d u c e d  in  T a b le  A . 3 .3 .  T h r e e  m easu res  o f m o rta lity  a re  g iv e n ,  
the f i r s t  a n d  second p a ra m e te rs  o f the  B ra s s  model life  ta b le  s ys tem , a lp h a  
and b e ta , and  th e  life  ta b le  s u r v iv o r s  to age  tw o o f a r a d ix  o f 1 ,0 0 0  
b ir th s , 1(2 ) '  B o th  the le v e l and  the  age p a tte rn  o f m o rta lity  a re  v a r ie d ,  
from  v e r y  h ig h  m o r ta l i ty ,  w ith  an  l ^ j  o f 650 and beta  o f 1 .3 ,  to  
m odera te  m o r ta l i ty ,  w ith  an  I ^  o f 900 and beta o f 0 .8 ;  o r  from
r e la t iv e ly  h e a v y  c h ild  m o r ta l i ty ,  w ith  an I o f 650 a n d  beta  o f
0 .8 ,  to r e la t iv e ly  lig h t  c h ild  m o r ta l i ty ,  w ith  an I o f  900 and  
beta o f 1 . 3 .  T h e  ra te  o f p o p u la tio n  g ro w th  is v a r ie d  to re m a in  con s is ten t 
w ith  the  m o r ta l i ty  assum ption s  and  a f ix e d  fe r t i l i t y  s c h e d u le  w ith  a 
total f e r t i l i t y  ra te  o f 6 . 0 .  D if fe r e n t  e s tim a tin g  e q u a tio n s  a re  u sed , 
on bases o f 20 and  25 y e a rs .  D if fe r e n t  f e r t i l i t y  le v e ls ,  b ir th  
in te rv a ls ,  and  p a r i ty  d is tr ib u t io n s  a re  a lso  in tro d u c e d  as s p e c ified  on 
the ta b le s .
T h e  two m eans th a t a re  g iv e n  re q u ir e  some e x p la n a t io n . T h e  m ean age  
at b ir th  o f a ll c h ild re n  is the m ean age at c h ild b e a r in g  in  the  s tab le  
p o p u la tio n , w h e n  f i r s tb ir th s  a ll o c c u r at e x a c t age 2 0 , and  s e c o n d b irth s
e x a c tly  one mean b ir th  in te rv a l la te r ,  and so o n . T h e  m ean age at b ir th
o f e ld e s t s u r v iv in g  c h ild re n  is the  d if fe re n c e  b etw een  the  m ean age at 
b e a r in g  w h a t is an e ld e s t s u r v iv in g  c h ild  a t a g iv e n  c e n tra l age (in  
the s ta b le  p o p u la t io n ) , and  the m ean age a t  b e a r in g  f i r s t  c h ild re n  in  
the s ta b le  p o p u la tio n , w h ic h  is 20 th ro u g h o u t. T h u s  th e  m ean age o f 
m other a t the b ir th  o f e ld e s t  s u r v iv in g  c h ild re n  aged 35 is the v a lu e  
shown in  the  re le v a n t  co lum n p lu s  20 y e a r s .
Full W eights for M aternal Orphanhood Reports o f E ldest S u rv iv in g
C h ild re n
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TABU'. A . 3 . 3 .  I MATKKNAI. OKPHAMKHIP V U C H T S FOR ELDEST SURVIVING O tll.PKKN
F U N C T I O N  F . S T 1 M A T KD  1 * ( 2 5 . N ) / l ( 2 5 ) B E T A  -  1 , , 0
. 6
1 ( 2 )  -  6 5 0  A l p h a  -  0 . 4 0 5 7 C r o w t h R a t a  -  1 . 1 5 X M e a n  A g a a e  B i r t h  o f a l l  C h i l d r a n  - 2 7 . 3 3
F I R S T  B I R T H  M EAN
CENTRAL ACE MEAN ACE AT 
O r  B IR TH  OF ELDEST 
RESrONDrNTS SU RV IV IN G CHILDREN
1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 6 2 S 2 6
1 0  1 . 6 7 % •  6 0 9 5 . 6 * 7 3 . * 7 8 3 . 5 0 * 0 . 5 2 5 9 •  5 * 6 1 •  5 6 6 3 •  5 8 8 2 •  6 1 2 7 . 6 * 0 1
1 5  1 4 8 5 7 5 . 3 8 3 8 . * 3 3 6 . 6 7 8 6 •  5 2 0 0 . 5 5 9 5 •  5 9 8 8 . 6 3 9 5 •  6 8 2 8 . « • 1 •  7 6 6 7
2 0  2 , 0 9 1 8 . 3 3 9 9 •  * 1 0 2 . 6 7 7 1 . 5 * 1 6 •  6 0 5 3 •  6 6 9 5 •  7 3 5 2 •  8 0 3 1 •  8 7 3 5 •  8 8 * 3
2 5  2 . 3 3 S 0 •  ? 9 < * 5 . 3 9 0 3 •  * 8 3 1 . 5 7 3 9 •  6 6 3 9 . 7 5 * 1 •  8 * 5 2 . 9 3 7 9 1 • 0 3 2 ? •  9 6 * 5
3 0  2 , 5 9 1 6 •  2 6 0 0 •  3 8 1 1 . 6 9 9 2 •  6 1 5 6 •  7 3 0 6 . 8 6 5 7 •  9 6 1 6 1 . 0 7 8 9 1 . 1 9 8 0 •  9 8 * 6
3 5  2 , 8 8 1 8 . 2 7 6 1 . * 1 7 9 . 5 5 7 5 . 6 9 5 7 . 8 3 3 8 •  9 7 2 8 1 . 1 1 3 5 1 . 2 5 7 1 1 . 2 9 5 1 1 . 0 1 9 9
6 0  3 . 2 2 7 * . 2 9 9 2 . * 5 8 8 •  6 1 7 8 . 7 7 7 6 . 9 3 9 1 1 . 1 0 6 5 1 . 2 7 5 3 1 . 6 5 3 1 1 . 2 6 8 6 1 * 0 5 3 8
6 5  3 , 6 5 5 3 . 3 8 5 8 •  5 5 9 1 . 7 3 5 9 •  9 1 8 1 1 . 1 0 8 0 1 . 3 0 8 1 1 . 5 2 1 6 1 . 7 5 1 3 1 . 0 6 6 6 1 . 0 9 0 7
5 0  * . 1 8 6 8 . 6 * 8 2 . 6 3 5 8 . 8 3 * 0 1 . 0 * 6 3 1 . 2 7 7 3 1 . 5 3 2 6 1 . 8 1 9 1 1 . 6 7 3 5 1 . 0 6 2 0 •  8 8 8 6
S 5  * . 8 ? 2 3 •  5 2 1 6 . 7 2 5 5 . 9 5 2 7 1 . 2 1 0 3 1 . 5 0 7 2 1 . 8 5 6 * 2 . 0 0 8 8 . 9 9 2 9 1 . 0 3 2 0 •  3 3 1 9
1 ( J )  -  7 0 0 A l p h a  -  0 . 2 9 1 6 G r o w t h R a c e  -  1 . 3 5 X M e a n  A g e  a t B i r t h  o f a l l  C h i l d r e n  " 2 7 . 3 1




MEAN ACE AT 
BIRTH OF ELDEST 
SURVIVING CHILDREN
1 7 1 8 1 9 2 0 2 1 2 2 2 3
2 6 2 5 2 6
1 0 1 . 3 6 7 6 . 3 7 * 7 . 6 1 7 8 •  * 5 3 6 . 6 8 3 3 . 5 0 8 5 . 5 3 1 1
•  5 5 3 1 . 5 7 6 1 •  6 0 1 * . 6 2 9 *
1 5 1 . 5 1 5 2 . 3 3 0 8 •  3 8 6 * . 6 3 6 7 •  * 8 2 6 . 5 2 5 8
. 5 6 7 9 •  6 1 0 7 . 6 5 5 5 •  7 0 2 9 •  7 5 3 2
2 0 1 . 7 1 7 8 . 2 6 * 7 . 3 * 1 3 . 6 1 3 9 •  6 8 3 * . 5 5 1 1
•  6 1 8 * . 6 8 6 6 •  7 5 6 6 •  8 2 8 * •  8 9 8 5
2 5 l . 9 3 1 5 . 1 9 * 6 . 2 9 7 * . 3 9 6 * . * 9 2 6
. 5 8 7 0 •  6 8 0 6 . 7 7 6 6 •  8 6 9 1 •  9 6 5 0 1 . 0 1 0 8
3 0 2 . 1 5 9 9 . 1 3 * 9 . 2 6 3 7 . 3 8 8 6 . 5 1 0 *
. 6 3 0 0 •  7 * 8 6 •  8 6 6 8 •  9 8 5 6 1 . 1 0 5 2 1 . 0 7 9 8
3 5 ? . * 2 1 2 . 1 2 9 1 . 2 7 8 6 •  6 2 * *
. 5 6 7 5 . 7 0 9 1 •  8 5 0 1 . 9 9 1 5 1 . 1 3 * 2 1 . 2 7 9 2
1 . 1 0 * 7
6 0 2 . 7 3 9 8 . 1 3 5 * •  3 0 1 0 •  * 6 * * •  6 2 6 5
. 7 8 8 9 . 9 5 2 9 1 . 1 2 0 2 1 . 2 9 2 3 1 . * 3 9 * 1 . 0 * 6 8
6 5 3 . 1 * 6 6 . 2 1 3 7 . 3 8 9 * . 5 6 6 3 . 7 * 6 2
. 9 3 1 2 1 . 1 2 3 5 1 . 3 2 5 7 1 . 5 * 0 8 1 . 3 8 * 1
1 . 0 9 0 *
5 0 3 . 6 7 5 1 . 2 7 5 8 . * 5 9 7 . 6 5 0 9 . 8 5 2 5
1 . 0 6 8 * 1 . 3 0 3 2 1 . 5 6 2 5 1 . 8 5 * 5 1 . 0 * S 1 1 . 1 0 8 9
5 5 * . 3 * 2 8 . 3 6 6 * . 5 5 8 8 . 7 6 9 8 1 . 0 0 5 5
1 . 2 7 3 7 1 . 5 8 3 3 1 . 9 * 7 6 1 . 3 7 2 6 1 . 0 6 0 6 . 7 3 7 0
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TAHt.K A . U .  : (Continued)
r i U C T I O N  W l i l A T V D  . RI T A  -  1 . 0
' ( 2 )  *  » »
A l | ' l i a  •  0 .  1 6 5 9 C r o w t h  R a t e -  1 . 6 2 X M e a n  A r c  a t B i r t h  o f  a l l C h i l d r e n  • 2 7 . 2 7




K>. AN ACL AT 
BI RTH OF i  L M  sT 
SURVIVING CHILDREN
1 7 1 « 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6
1 0 1 . 0 8 0 4 . 3 3 7 1 . 3 * 5 6 •  4 2 6 4 . 4 6 0 5 •  4 H 9 3 •  5 1 4 7 . 5 3 8 8 . 5 6 3 5 •  5 9 0 : . 6 1 * 2
1 5 1 . 1 9 7 4 •  2 7 3 6 . 3 3 5 6 •  3 9 1 6 •  4 4 2 6 •  4 9 0 1 . 5 3 5 7 •  5 8 1 2 •  6 2 8 1 •  6 7 7 « . 7 2 7 3
2 0 1 . 3 f > 4 9 •  1 * 3 3 . 2 6 7 2 •  3 4 6 4 . 4 2 1 8 •  4 9 4 6 •  5 6 6 1 •  6 3 7 6 •  7 1 0 2 •  7 8 4 4 •  8 6 ) 4
2 5 1 . 5 4 4 . 1 . 0 * 5 9 . 1 9 7 1 •  3 0 3 9 •  4 0 6 9 •  5 0 7 1 •  6 0 5 6 . 7 0 3 3 . 8 0 1 1 •  8 9 9 « •  9 4 9 3
3 0 1 . 7 3 7 2 - . 0 0 1 1 . 1 3 7 3 . 2 7 0 7 •  3 9 9 9 •  5 2 5 6 •  6 4 9 0 . 7 7 1 1 . 8 9 2 4 1 . 0 1 3 a 1 . 1 3 2 8
3 5 1 . 9 6 0 5 - . 0 3 0 2 . 1 2 9 0 . 2 8 3 2 •  4 3 3 2 •  5 8 0 0 . 7 2 4 7 •  8 6 8 2 1 . 0 1 1 5 1 . 1 5 ? « 1 . 2 1 6 7
4 0 2 . 2 3 7 3 - . 0 * 5 6 •  1 2 9 2 . 2 9 9 7 •  4 6 7 1 •  6 3 2 4 . 7 9 7 3 . 9 6 3 1 1 . 1 3 1 4 1 . 3 0 3 9 1 . 2 2 5 5
4 5 2 . 6 C 1 6 . 0 1 9 5 . 2 0 0 7 •  3 8 0 4 •  5 6 0 5 •  7 4 2 8 . 9 2 9 2 1 * 1 2 2 2 1 . 3 2 4 2 1 . 5 3 8 . 1 . 1 * 6 6
5 0 3 . 0 9 7 1 . 0 7 9 4 •  2 6 2 8 •  4 5 0 2 •  6 4 4 0 •  8 4 7 5 1 . 0 6 4 7 1 . 3 0 0 5 1 . 5 6 0 8 1 . 4 8 7 1 1 . 0 5 5 2
5 5 3 . 7 6 5 0 . 1 8 2 1 . 3 6 3 9 •  5 5 8 8 . 7 7 2 1 1 . 0 1 0 5 1 . 2 8 1 6 1 . 5 9 5 2 1 . 9 1 4 7 1 . 0 2 3 «
1 . 1 1 4 8
1 ( 2 )  -  . 0 0 A l p h a  -  0 . 0 2 2 1 G r o w t h R a t e  -  2 . 0 0 Z M e a n  A g e  a t B i r t h  o f  a l l C h i l d r e n  - 2 7 . 1 8




m m  ACE AT 
BIRTH OF ELDEST 
SURVIVING CHILDREN
1 7 1 8 1 9 2 0 2 1 2 2 2 3
2 4 2 5 2 6
1 0 . 8 1 7 4 . 2 9 5 1 . 3 4 9 2 . 3 9 5 3 •  4 3 4 3 •  4 6 7 3 . 4 9 6 3 •  5 2 3 3
. 5 5 0 3 • 5 7 e * •  6 C 9 7
1 5 . 9 0 5 0 •  2 1 1 4 •  2 8 0 1 . 3 4 2 4 •  3 9 9 2
. 4 5 1 6 •  5 0 1 6 . 5 5 0 7 •  6 0 0 7 •  6 5 2 5 •  7 C 6 7
2 0 1 . 0 3 5 8 •  0 9 5 8 •  1 8 7 9 •  2 7 4 6 •  3 5 6 8 . 4 3 5 5
. 5 1 2 2 •  5 8 8 2 •  6 6 4 4 •  7 4 H •  8 2 0 5
2 5 1 . 1 7 7 4 - . 0 3 0 9 . 0 9 0 3 •  2 0 6 2 . 3 1 7 4 . 4 2 4 7 •  5 2 9 3 •  6 3 2 2
•  7 3 4 1 •  8 3 5 9 •  9 3 7 3
3 0 1 . 3 3 0 7 - • 1 4 8 2 •  0 0 1 9 •  1 4 6 0 . 2 6 4 5 •  4 1 8 3
•  5 4 8 4 •  6 7 5 7 •  6 0 1 0 •  9 2 4 9 1 . 0 * 7 9
3 5 1 . 5 0 9 4 - . 2 0 4 8 - . 0 3 2 6 . 1 3 2 9 . 2 9 2 5
•  4 4 7 1 . 5 9 7 8 . 7 4 5 5 •  8 9 1 2 1 . 0 3 5 9 1 . 1 - 9 5
4 0 1 . 7 3 2 9 - . 2 4 5 0 - . 0 5 7 3 . 1 2 4 0 •  2 9 9 8
•  4 7 1 3 . 6 3 9 7 . 8 0 6 4 •  9 7 3 0 1 . 1 4 0 1 . 3 1 1 5
4 5 2 . 0 3 3 4 - . 1 9 7 1 - . 0 0 5 6 •  1 8 1 4 . 3 6 5 7
•  5 4 8 9 •  7 3 2 8 •  9 1 9 6 1 . 1 1 1 3 1 . 3 1 C 5 1 . 3 5 2 2
5 0 2 . 4 6 0 5 - . 1 4 7 3 . 0 4 0 5 •  2 2 8 4 •  4 1 8 7
•  6 1 3 9 •  8 1 7 1 1 . 0 3 2 3 1 . 2 6 4 4 1 . 5 1 5 3 1 . 2 - 6 2
5 5 3 . 0 7 7 9 - . 0 1 3 0 . 1 4 2 7 . 3 2 6 0 . 5 2 0 9
•  7 3 2 8 •  9 6 8 1 1 . 2 3 4 4 1 . 5 4 1 4 1 . 5 9 1 1 1 . 0 * 4 1
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TABLE A. I .  J .  I (C o ll i in o .  d )
F U N C T IO N  E S T IM A T E  11 I  l , B E T A  .  1 . 0
' ( 2 )  *
8 5 0 A l p h a  -  - 0 . 1 5 2 1  G r o w t h  R a te  -  2 . 5 5 Z M e a n  A g e  a t B i r t h  o f a l l  C h i l d r e n  - 2 7 . 0 6
F IR S T  B IR T H M EAN
CL NT RAJ. ACE 
OF
RESPONDENTS
K  AN AGE AT 
m u n i  o f  E io r s T  
SURVIVING CHILDREN
1 7  ( A 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6
1 0 . H 7 T V • 2 4 9 1  . 3 0 9 1 •  3 6 0 8 . 4 0 4 9 •  4 4 2 6 . 4 7 5 7 •  5 0 6 2 •  5 3 6 1 . 5 6 7 1 •  6 1 0 2
1 5 . 6 3 * 0 . 1 4 2 8  . 2 1 8 9 •  2 8 8 3 •  3 5 1 6 •  4 1 0 1 •  4 6 5 4 •  5 1 9 1 •  5 7 3 0 •  6 2 8 2 •  6 S 5 5
? 0 •  7 3 2 8 - . 0 0 0 0  . 1 0 1 4 •  1 9 6 8 •  2 8 7 1 . 3 7 3 3 •  4 5 6 5 . 5 3 8 2 •  6 1 9 3 •  7 0 0 « •  7 « 3 1
2 5 . « 3 5 9 - • 1 S 7 3  - . 0 2 4 5 •  1 0 2 3 •  2 2 3 4 . 3 3 9 6 •  4 5 1 9 •  S 6 1 3 •  6 6 8 8 . 7 7 5 0 •  8 * 0 1
3 0 . 9 4 8 1 - . 3 0 6 8  - . 1 * 2 1 •  0 1 5 1 . 1 6 5 3 •  3 0 9 3 . 4 4 8 0 . 5 8 2 3 •  7 1 3 2 •  8 4 1 2 •  9 f  6 8
3 5 1 . 0 7 8 « - . 3 9 3 6  - . 2 0 4 5 - . 0 2 4 2 •  1 4 8 3 •  3 1 3 6 •  4 7 2 9 •  6 2 7 1 . 7 7 6 9 •  9 2 3 5 1 * 0 6 7 3
4 0 1 . 2 4 2 3 - . 4 6 5 1  - . 2 5 8 7 - . 0 6 1 4 •  1 2 7 7 . 3 0 9 4 •  4 8 5 1 •  6 5 6 1 •  8 2 3 9 •  9 8 9 7 1 . 1 5 5 0
4 5 1 . 4 6 4 7 - . 4 4 1 2  - . 2 3 1 8 - . 0 3 0 6 •  1 6 4 0 . 3 5 3 7 . 5 4 0 1 . 7 2 5 2 •  9 1 1 0 1 * 0 9 9 4 1 . 2 9 3 2
5 0 1 . 7 8 9 7 - . 4 0 8 0  - . 2 0 7 3 - . 0 1 0 9 •  1 8 2 9 •  3 7 6 3 •  5 7 1 8 •  7 7 2 7 •  9 8 2 6 1 . 2 0 6 6 1 . 4 5 0 0
5 5 2 . 2 9 1 ? - . 2 8 9 5  - . 1 1 1 4 •  0 6 7 8 . 2 5 1 5 . 4 4 3 8 •  6 4 9 8 •  8 7 5 6 1 * 1 2 8 2 1 * 4 1 6 6 1 . 6 * 4 8
' ( 2 )  -
9 0 0 A lp h a  -  - 0 . 3 8 3 4  G r o w th R a te  •  3 . 1 5 X M e a n  A g e a t  B i r t h  o f a l l  C h i l d r e n  - 2 6 . 9 1




MAN ACE AT 
BIRTH IF  ELDEST 
SURVIVING CHILDREN
1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6
1 0 . 3 6 3 8 . 2 0 0 3 . 2 6 6 5 . 3 2 3 9 . 3 7 3 5 . 4 1 6 2 . 4 5 3 8 . 4 8 8 2 •  S 2 1 6 •  5 5 5 6 . 5 9 1 4
1 5 . 4 0 0 7 . 0 6 9 9 •  1 5 4 0 . 2 3 0 9 . 3 0 1 4 •  3 6 6 7 •  4 2 8 0 . 4 6 7 2 •  5 4 5 8 •  6 0 5 3 •  6 6 6 3
2 0 . 4 6 1 0 - . 1 0 2 4 . 0 0 9 5 •  1 1 5 0 . 2 1 4 7 . 3 0 9 5 •  4 0 0 5 •  4 6 9 0 . 5 7 6 2 •  6 6 3 0 . 7 * 9 7
2 5 . 5 2 7  3 - . 2 9 3 2 - . 1 4 6 5 - . 0 0 6 « •  1 2 6 3 . 2 5 3 4 . 3 7 5 4 . 4 9 3 3 •  6 0 7 8 . 7 1 9 8 . 8 2 9 5
3 0 . 5 9 9 * « - . 4 7 9 2 - . 2 9 6 3 - . 1 2 2 5 . 0 4 2 8 •  2 0 0 0 •  3 5 0 1 •  4 9 4 0 •  6 3 2 4 •  7 6 6 2 •  8 9 5 5
3 5 . 6 8 3 3 - . 8 0 0 2 - . 3 8 8 4 - . 1 8 7 8 . 0 0 2 2 . 1 8 2 5 •  3 5 4 1 •  5 1 7 8 . 6 7 4 7 •  8 2 5 4 •  9 T 0 6
4 0 . 7 8 7 7 - . 7 0 7 7 - . 4 7 3 9 - . 2 5 2 9 - . 0 4 3 8 . 1 5 4 2 . 3 4 2 3 . 5 2 1 9 •  6 9 4 2 •  8 6 0 6 1 . 0 2 2 9
4 5 . 9 2 9 1 - . 7 1 3 0 - . 4 7 3 7 - . 2 4 7 8 - . 0 3 3 6 . 1 7 0 6 •  3 6 6 5 . 5 5 5 8 •  7 4 0 4 . 9 2 2 4
1 * 1 ( 3 7
5 0 1 . 1 3 7 4 - . 7 0 8 2 - . 4 7 8 8 - . 2 6 0 1 - . 0 5 0 3 •  1 5 2 8 . 3 5 1 2 . 5 4 7 6 . 7 4 5 4 •  9 4 8 3 1 . H 0 8
5 5 1 . 4 6 9 6 - • 5 9 5 5 - . 3 9 7 9 - . 2 0 6 9 - . 0 1 9 6 •  1 6 7 6 •  3 5 8 7 . 5 5 8 5 . 7 7 2 6 1 . 0 0 7 5 1 . 2 7 0 8
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TAHU A. .1. 3. 'i (('oui inulti)
H 'H C Ï IO K  t S T I H A T t U  .  K M  » 1 . 1
*<2> ■ »50 A lp i.. -  0 .6 2 0 Ì  c , ™ , h .  o .SM  Agc , c i l r t h  o f  .  27 .25
F IR S T  B IR T H  MF AN
c m  RAL ACE 
l'F
RESPONDENTS
HT AS* AGL AT 
BIRTH OF ELDEST 
SURVIVING CHILDREN
1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6
1 0 1 . 8 6 6 8 •  A 0  1 9 . A A | 2 . 4 7 4 2 . 5 0 2 1 •  S 2 6 6 . 5 4 9 7 . 5 7 3 1 •  5 9 8 1 •  6 2 5 6 •  6 5 6 1
1 S P . 1 2 5 3 .  3 8 S * •  4 3 8 1 •  4 8 6 0 •  5 3 0 8 . 5 7 4 1 •  6 1 7 5 •  6 6 2 4 •  7 0 9 7 . 7 5 9 8 •  7 8 4 7
2 0 2 . 4 6 3 4 . 3 6 7 8 •  4 4 0 5 . 5 1 0 5 . 5 7 8 7 •  6 4 6 6 . 7 1 5 3 . 7 8 5 7 •  8 5 8 6 •  9 3 3 9 •  8 8 2 3
2 5 2 . 8 1 3 * •  3 5 2 8 •  4 5 9 5 . 5 5 4 3 •  6 4 8 1 •  7 4 2 0 •  8 3 7 1 •  9 3 4 0 1 . 0 3 3 3 1 . 1 1 5 4 . 9 1 9 8
3 0 3 . 1 8 0 9 . 3 7 5 7 . 4 9 6 0 •  6 1 5 2 . 7 3 4 2 . 8 5 4 3 . 9 7 6 3 1 . 1 0 1 3 1 . 2 3 0 0 1 . 1 5 6 8 •  9 7 5 C
3 5 3 . 5 8 7 a •  A  3 7 ? . 5 7 8 2 . 7 1 9 8 . 8 6 3 4 1 . 0 1 0 6 1 . 1 6 2 5 1 . 3 2 0 8 1 . 4 8 6 8 1 . 0 7 9 5 1 . 0 2 2 7
AO 4 . 0 5 2 6 . 4 9 9 9 •  6 6 0 1 . 8 2 4 9 . 9 9 6 3 1 . 1 7 6 5 1 . 3 6 8 0 1 . 5 7 3 4 1 . 5 0 5 7 1 . 0 0 9 3 •  9 8 3 1
A S 4 . 5 8 7 4 . 6 0 7 5 . 7 8 9 1 . 9 8 2 8 1 . 1 9 1 7 1 . 4 2 0 2 1 . 6 7 3 3 1 . 9 5 7 2 1 . 1 6 6 2 1 . 0 2 3 8 •  5 0 8 9
5 0 5 . 1 7 9 0 . 6 5 7 8 . 8 6 4 1 1 . 0 9 4 7 1 . 3 5 7 1 1 . 6 6 0 8 2 . 0 1 8 2 1 . 7 0 1 1 •  9 8 4 7 •  8 6 4 7 •  2 6 4 1
5 5 5 . 7 8 2 A . 6 7 2 8 . 9 0 7 1 1 . 1 8 6 0 1 . 5 2 3 9 1 . 9 3 9 9 2 . 3 9 2 0 . 9 5 7 2 •  9 5 1 0 . 5 2 2 7 . 3 5 4 7
l ( 2 )  ■  7 0 0 A l p h a  -  0 . 5 0 6 1 G r o w t h R a te  -  l .O O Z M e a n  A g e  a t B i r t h  o f a l l  C h i l d r e n -  2 7 . 2 0




MEAN ACE AT 
BIRTH OF ELDEST 
SURVIVING CHILDREN
1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6
1C 1 . 5 1 9 6 .  3 . 4 0 6 7 A . 4 7 7 2 . 5 0 5 8 . 5 3 2 0 . 5 5 7 8 •  5 8 4 5 •  6 1 3 2
. 6 4 - 3
1 5 1 . 7 3 4 7 .  1 2 3 3 . 3 6 2 9 . 4  3 6 9 •  4 8 7 0 •  5 3 4 6 . 5 8 1 3 •  6 2 8 8 •  6 7 8 1
. 7 2 9 8 . 7 6 - 1
2 0 2 . 0 3 a m • 2 * 2 4 . 3 6 2 2 • A 3 8 4 •  5 1 1 9 •  5 8 4 0 . 6 5 6 1 . 7 2 9 1 •  8 0 4 0 . 8 8 1 9
. 9 2 1 8
2 5 2 . 3 5 1 7 •  2 5 1 A . 3 5 4 « , . 4 5 6 9 . 5 5 6 1 •  6 5 4 3 . 7 5 2 6 . 8 5 1 8 . 9 5 2 7 1 . 0 S 5 6 l . O C ’ 0
3 0 2 . 6 5 2 2 . 2 4  1 2 •  3 6 B 5 . 4 9 3 4 . 6 1 6 9 •  7 4 0 1 . 6 6 4 1
. 9 8 9 8 1 . 1 1 8 1 1 . 2 4 9 6 1 . 0 C 7 7
3 5 3 . 0 7 7 3 . A  3 2 0 . 5 7 7 1 . 7 2 2 7 •  8 / 0 1 1 . 0 2 0 7
1 . 1 7 5 8 1 . 3 3 6 9 1 . 3 3 1 0 1 . 0 2 4 ?
4 0 7 . 6 3 ^ 4 .  « 1 H 3 •  5 0 0 1 • 6 6 4 5 . 8 3 3 3 1 . 0 0 4 5 1 . 1 9 2 4
1 . 3 8 7 6 1 . 5 9 6 8 1 . 1 8 3 0 1 . 0 5 6 7
4 5 a . 0 9 0 2 • A AÒ4 • 6 2 3 7 . 6 1 0 2 1 . 0 0 9 0 1 . 2 2 3 8 1 . 4 5 8 8
1 . 7 1 9 4 1 . 6 5 4 8 1 . 0 3 4 0 . 9 6  ¿ 0
5 0 a . 7 3 2 2 . 7 0  3 0 • 9 1 6 0 1 . 1 5 9 2 1 . 4 3 4 9
1 . 7 S 5 7 2 . 1 3 5 3 1 . 0 6 8 2 1 . 0 2 5 4 . 4 0 2
5 5 5 . 4 1 9 / . 5 5 3 9 . 7 7 1 7 1 . 0 2 8 3 1 . 3 3 6 8 1 . 7 1 3 9 2 .  1 8 2 5
1 . 4 9 4 5 . 9 7 0 2 •  7 0 5 7 •  3 1 1 3
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• < i>  •  7 1 0
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Ml AN a m : a t  
BIRTH  OF FI.UI.ST 
SURVIV ING C H lL m .N
» r I H 1 9 2 0 ? 1 2 2 2 3 2 A 2 5 2 6
1 0 i * •  « » - • .  3 i . * S .« • 1 1 « ? •  * a w a . A r t  ,‘* 6 •  5 1 2 6 •  S A I  3 •  S 7 0 A •  6 0 1 ? . 6 3 - 1
I S i  • * ? + ■ ' •  ? 5 * . 6 .  .»ì * 1 A .  J H ? h •  A .1 9 0 •  A 9 2 0 •  S a 3 3 . S 9 A 5 •  6 A 6 7 •  7 0 1 6 . 7 * 7 5
2 0 •  1 **» *s . ? 7 « . 9 . 3 0 8 9 •  A 3 9 < * . 5 1 7 5 •  S 9 A 6 •  6 7 1 7 •  7 A 9 9 •  0 2 9 6 •  9 1 0 9
?s 1 •  r t w ? ' i •  1 » - 0 •  3 0 0 9 . A 5 7 ? •  0 6 1 A •  6 6 A  A •  7 6 7 A •  8 7 1 1 •  9 7 6 0 1 . 0 * 0 5
3 0 ? . 1 9 » > •  O i l # •  3 t > 0 6 •  A 9 0 7 •  6 1 9 0 •  7 A 6 7 •  8 7 A 7 1 . 0 0 3 9 1 . 1 3 5 3 1 . 1 * A A
3 S .  i  r » i •  r ’.t 'H to . « • 1 9 7 •  0 8 9 6 .  7  1 9 A . 8 7 0 5 1 . 0 2 A 3 1 . 1 0 1 9 1 . J A A 9 1 . 1 * 7 1
* 0 / A * . 1 5 - 1 •  A « 6 3 . 6 5  A  A •  8 2 6 A I . 0 0 A 2 1 . 1 9 0 3 1 . 3 0 7 1 1 . 5 0 1 7
1 . O S A 7
A S 3 . S i S O •  ¿ s s * •  A 3 « » a •  6  I S A •  8 0 5 A 1 . 0 0 7 A 1 . 2 2 5 1 1 . A 6 3 0 1 . 7 2 6 5 1 . 3 0 0 1
1 . 0 9 3 1
SO A .  1 9 ? 2 . 5 2 0 0 •  7 2 0 3 •  9 A 1 5 1 . 1 9 0 2 1 . A 7 S 2 1 . 8 0 7 8
1 . 6 9 2 8 1 . 0 3 1 6 . 6 1 5 5
S 5 A . V 6 1 ? •  <♦ 0  7  * . 6 0 5 5 . 0 3 0 5 1 . 1 0 8 3 1 . A 3 8 1 1 . 8 A 3 7 2 . 1 3 2 6 •  9 7 6 6 1 . 0 1 1 9
. 2 7 0 3
1 ( 2 )  •  8 0 0  A l p h a  •  0 . 2 3 8 6 G r o w t h R a ta  -  1 . 7 S Z M e a n  A g e  a t B i r t h  o f  a l l C h i l d r e n  ■ 2 7 . 0 9
F IR S T  B IR T H MEAN
CEKIRAL ACE KEAN ACT AT 1 7 1 8 1 9 2 0 2 1 2 2 2 3
2 A 2 5 2 6
OF BIRTH OT ELDEST
RESHOEDENTS SURVIVING CHILDREN
■ «  . 9 1 0 3 . 2 6 3 5 . 3 2 2 5 . 3 7 3 7
. A 1 7 9 •  A 5 6 5 « A 9 1 0 . 5 2 3 5 . 5 5 5 9 •  5 8 9 5
•  6 2 « * 9
I S  1 . 0 * 1 0 •  1 7 8 5 . 2 5 3 8 . 3 2 2 9
. 3 8 6 7 •  A A 6 2 •  5 0 3 0 . 5 5 8 9 . 6 1 5 2
•  6 7 3 1 . 7 3 2 7
* 0  1 . 2 3 9 7 . 0 8 0 6 . 1 7 9 1 . 2 7 2 5 •  3 6 1 6
•  A A 7 2 . 5 3 0 7 . 6 1 3 3 •  6 9 6 1 . 7 7 9 6 •  6 6 * 1
2 5  1 . * 6 0 * . 0 0 9 8 . 1 1 5 ? . 2 3 5 2 •  3 5 1 0
•  A 6 3 A . 5 7 3 3 . 6 8 1 9 •  7 9 0 0 •  8 9 8 1 1 . 0 0 * 7
3 0  1 . 7 0 6 3 . 0 7 7 1 . 0 7 1 9 . 2 1 5 8 . 3 5 5 2
.  A 9 1 2 •  6 2 A 9 . 7 5 7 2 •  8 8 9 3 1 . 0 2 1 8 1 . 1 5 5 3
3 5  1 . 9 9 9 H . 0 7 7 2 . 0 8 7 6 •  2 A 8 0 •  A 0 5 2
•  5 6 0 1 •  7 1 A 2 . 8 6 8 7 1 . 0 2 A 8 1 . 1 6 3 7
1 . 3 0 * 7
* 0  2 . 3 7 3 2 . 0 5 7 7 . 1 1 6 5  . . 2 8 8 6
•  A 5 9 9 •  6 3 2 1 . 8 0 7 0 . 9 8 6 8 1 . 1 7 3 7 1 . 3 7 0 2
1 . 2 9 3 2
* 5  2 . 9 7 1 1 •  O A  1 6 •  2 1 7 A . 3 9 5 9
. 5 7 9 6 . 7 7 1 0 . 9 7 3 3 1 . 1 9 0 0 1 . A 2 5 5
1 . 6 8 5 3 1 . 1 0 5 3
5 0  3 . 5 3 5 9 . 1 2 7 « •  3 0 A  1 •  A 9 1 2
. 6 9 3 0 •  9 1 A 9 1 . 1 6 3 7 1 . A A 8 0
1 . 7 7 9 6 1 . 3 6 3 5 1 . 0 5 3 3
5 5  « . 3 6 6 1 . 2 3 3 6 •  A l  2 5 •  6 1 5 8
. 8 5 2 1 1 . 1 3 2 9 1 . A 7 3 3 1 . 8 9 3 5
1 . 6 1 7 2 1 . 0 2 1 1 •  7 1 ? 2
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Ml AK ACE AT 
I I K I N  OK E L K  ST 
SURVIV ING CIUU'RF.N
1 i 1M 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 e
1 0 •  ¿ o . * o •  2  7 1 o . 3 2 9 9 •  3 6 1 0 . 4 2 5 7 •  4 6 5 9 •  5 0 3 4 •  5 4 0 1 •  5 7 7 3 •  6 1 6 1
1 5 . 7 1 - 3 •  0  *  1 7 . 1 7 0 7 . 2 5 5 0 . 3 2 7 4 •  3 9 4 9 . 4 5 8 9 •  S ? 1 2 •  5 6 3 0 •  6 4 5 6 •  7 3 9 6
2 0 •  7  ‘ 4 7 - .  3 I t ' S •  0  7 2 0 •  1 7 6 6 . 2 7 6 0 •  3 7 1 0 . 4 6 2 8 •  5 5 2 7 •  6 4 1 7 •  7 3 0 * . 6 1 9 5
2 5 1 .  J - l ' j - . 0 2 5 3 •  1 0 H 3 •  2 3 6 1 •  3 5 9 1 •  4 7 8 1 . 5 9 4 3 •  7 0 8 S . 8 2 1 6 . 5 3 3 8
3 0 l . ? 2 - 3 - • ? * b l - . 1 0 2 6 . 0 5 6 1 . 2 0 4 6 •  3 5 5 6 •  4 9 8 3 •  6 3 7 6 •  7 7 4 6 •  9 1 0 ? 1 « C * 4 9
3 5 1 . 4 4  4 4 -  . 2 9 9 9 - . 1 1 2 1 . 0 5 6 9 •  2 2 6 1 •  3 9 0 5 . 5 5 1 4 •  7 1 0 0 •  8 6 7 4 1 . 0 2 5 0 1 . 1 9 3 9
4 0 1 . 7 3 5 6 - • 3 G o b - . 1 1 7 5 •  0 6 6 4 . 2 4 6 1 . 4 2 3 2 •  5 9 9 2 •  7 7 6 2 •  9 5 6 1 1 * 1 4 1 3 1 . 3 3 4 1
4 5 M c - . 2 2 0 9 - . 0 3 7 0 . 1 4 5 5 •  3 2 6 5 •  5 1 4 4 . 7 0 5 8 •  9 0 5 7 1 . 1 1 7 5 1 . 3 4 5 3 1 . 5 1 8 6
5 0 2 . 7 2 4 0 - . 1 3 1 3 •  0 4 1 S •  2 1 9 6 . 4 0 5 6 . 6 0 4 1 •  8 1 9 3 1 . 0 5 7 7 1 . 3 2 7 7 1 • 6 3 9 4 1 . 2 3 9 9
5 5 3 . 5 4 5 9 •  0 0 o 7 .  1 6 6 9 •  3 4 2 2 •  5 3 9 2 •  7 6 6 2 1 . 0 3 3 9 1 . 3 5 6 8 1 . 7 5 3 7 1 . 4 8 2 0 1 . 0 3 5 8
' ( 2 )  -  9 0 0
A l p h a  -  - O . 1 6 8 9  G r o w t h R a te  -  3 . 0 0 Z M e a n  A g e a t  B i r t h  o f a l l  C h i l d r e n  - 2 6 . 8 5




MEAN ACE AT 1 7  
B IR T H  OF ELDEST 
SURVIV ING CHILDREN
1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6
1 0 . 4 0 5 6 . 1 4 0 7 . 2 1 5 5 •  2 8 1 7 •  3 4 0 2 . 3 9 2 0 . 4 3 8 6 . 4 8 1 8 •  5 2 3 6 •  5 6 5 6 •  6 0 6 6
1 5 . 4 6 0 7 - . 0 0 4 3 . 0 9 1 7 •  1 8 0 6 •  2 6 3 0 . 3 3 9 9 •  4 1 2 6 . 4 8 2 7 . 5 5 1 4 •  6 2 0 1 •  6 8 9 5
2 0 . 5 5 2 8 - . 1 7 1 7 - . 0 4 6 7 . 0 7 1 7 •  1 8 3 9 . 2 9 0 8 . 3 9 3 3 •  4 9 2 6
. 5 8 9 7 •  6 8 5 5 •  7 8 C 3
2 5 . 6 5 8 5 - . 3 . 3 8 2 - . 1 8 0 2 - . 0 2 9 7 •  1 1 3 8 . 2 5 0 9 •  3 8 2 2 . 5 0 9 0 . 6 3 2 0 . 7 5 2 0
•  8 6 5 «
3 0 . 7 7 7 7 - . 4 8 3 1 - . 2 9 4 7 - . 1 1 5 4 •  0 5 5 2 •  2 1 8 0 •  3 7 3 8
. 5 2 3 7 •  6 6 8 7 •  8 0 9 7 •  9 4 7 3
3 5 . 9 2 2 4 - . 5 5 1 4 - . 3 4 3 8 - . 1 4 6 4 •  0 4 1 8 . 2 2 1 8 . 3 9 4 7 . 5 6 1 8
. 7 2 4 2 . 8 8 3 1 1 . 0 3 9 7
4 0 1 . 1 1 1 9 - . 5 9 4 5 - . 3 7 8 7 - . 1 7 2 6 . 0 2 5 0 . 2 1 5 3 •  3 9 9 8
•  5 8 0 4 . 7 5 8 9 . 9 3 7 5 1 . 1 1 6 1
4 5 1 . 3 8 3 5 - . 5 3 2 4 - . 3 2 6 2 - . 1 2 7 3 •  0 6 6 4 . 2 5 7 1 . 4 4 7 1
•  6 3 6 9 . 8 3 5 3 1 . 0 3 9 5 1 . 2 5 5 3
so 1 . 8 0 5 7 - . 4 4 8 3 - . 2 6 5 1 - . 0 8 3 2 . 0 9 9 6 . 2 8 6 1 . 4 7 9 8 •  6 8 5 0 . 9 0 7 4 1 . 1 5 4 2 1 . 4 3 4 6
5 5 2 . 4 8 6 5 - . 2 7 8 9 - . 1 2 6 7 •  0 3 0 9 . 1 9 8 1 . 3 8 0 7 •  5 8 5 8
•  8 2 2 6 1 . 1 0 3 1 1 . 4 4 2 7 1 . 4 9 7 1
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M  AN ACE AT 
I* IK Til OF El PEST 
SURVIVING CHILDREN
1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6
1 0 1 . 5 6 4 0 • 4  1 0 7 . 4 5 5 5 • 4 8 4 4 • 5 0 7 6 • 5 2 6 8 • 6 4 4 0 • 5 6 1 2 • 5 8 0 1 • 6 0 1 7 • 6 ? f 4
1 5 1 . 6 9 6 0 • 3 9 0 8 • 4 3 7 6 . 4 7 9 2 . 5 1 7 1 . 5 5 2 7 • 5 8 8 1 • 6 2 4 8 • 6 6 4 2 • 7 0 6 7 • 7 4 # 7
2 0 1 . 8 6 9 ? • 3 3 ? 9 . 3 9 9 7 . 4 6 2 8 • 5 2 3 3 • 5 8 2 8 • 6 4 2 5 . 7 0 3 8 . 7 6 7 4 . 8 3 3 7 • 8 7 1 6
2 5 2 . 0 4 7 ? • ? 6 ? 6 . 3 5 5 7 . 4 4 5 3 • 5 3 2 7 • 6 1 8 6 . 7 0 4 5 • 7 9 1 0 • 8 7 8 8 • 9 6 8 ? • 9 7 2 1
3 0 2 . 2 3 3 5 . 1 0 5 0 . 3 1 5 1 • 4 3 1 6 . 5 4 5 3 . 6 5 7 0 • 7 6 7 8 . 8 7 8 4 • 9 8 9 3 1 . 1 0 0 9 1 . 0 3 * 1
3 5 2 . 4 4 4 1 .  1 7 4 7 . 3 1 7 6 • 4 5 6 7 . 5 9 2 8 • 7 2 6 8 . 8 5 9 7 . 9 9 2 3 1 . 1 2 5 2 1 . 2 5 8 9 1 . 0 6 2 2
4 0 2 . 6 9 6 1 . 1 6 1 4 . 3 2 3 5 . 4 8 2 1 • 6 3 8 3 . 7 9 3 1 . 9 4 7 8 1 . 1 0 3 6 1 . 2 6 1 6 1 . 3 8 1 9 1 . 0 4 2 1
4 5 3 . 0 1 4 6 . 2 1 4 3 . 3 9 2 9 . 5 6 6 1 . 7 3 9 5 • 9 1 4 5 1 . 0 9 2 9 1 . 2 7 6 4 1 . 4 6 7 0 1 . 3 7 7 9 1 • 0 8 e 6
5 0 3 . 4 3 0 0 . 2 6 1 7 • 4 4 6 4 • 6 3 3 8 • 8 2 6 3 1 . 0 2 6 5 1 . 2 3 7 6 1 . 4 6 3 3 1 . 7 0 8 2 1 . 1 8 2 2 1 . 1 0 2 4
5 5 3 . 9 7 2 9 • 3 4 3 8 . 5 3 4 9 . 7 3 6 9 • 9 5 4 0 1 . 1 9 1 3 1 . 4 5 4 4 1 . 7 5 0 2 1 . 6 2 7 6 1 . 0 4 5 9 1 . 1 1 5 6
‘ ( 2 )  *  7 0 0
A l p h a  -  0 . 1 4 6 5 G r o w t h  R a te -  1 . 7 0 Z M e a n  A g e  a t B i r t h  o f  a l l C h i l d r e n  -  2 7 . 3 2




KEAN ACE AT 
BIP.TH OF ELDEST 
SURVIVING CHILDREN
1 7 1 6 1 9 2 0 2 1 2 ? 2 3 2 4 2 5 2 6
1 0 1 . 2 6 7 * .  3 - * 9 ) . 4  2 9 «» . 4 6 2 7 •  4 6 9 3 •  5 1 1 1 . 5 3 0 2 •  5 4 8 5 •  5 6 8 0 •  5 8 9 9 •  6 1 4 9
1 5 1 . 3 7 4 6 •  3  *♦*♦2 •  3 9 6 1 . 4 4 2 1 . 4 8 3 7 . 5 2 2 2 . 5 5 9 7 . 5 9 7 8 . 6 3 8 1 •  6 8 1 4 . 7 2 7 9
2 0 1 . 5 2 1 9 . 2 4 5 1 . 3 3 7 5 . 4 0 5 5 . 4 7 0 3 . 5 3 3 2 . 5 9 5 6 . 6 5 8 9 . 7 2 4 0 •  7 9 1 4 •  6 5 1 1
2 5 1 • 4 7 4 7 •  1 7 0 2 . 2 6 9 7 . 3 6 5 1 . 4 5 7 4 . 5 4 7 6 •  6 3 6 8 •  7 2 6 0 •  8 1 S 9 . 9 0 6 8 •  9 * 8 7
3 0 1 . 8 3 6 1 . 0 7 / 1 . 2 0 5 0 . 3 2 8 2 . 4 4 7 5 . 5 6 4 0 . 6 7 8 5 . 7 9 1 9 •  9 0 4 9 1 . 0 1 8 0 1 . 0 3 9
3 5 2 . 0 1 8 5 . 0 3 4 1 . 1 8 5 3 . 3 3 1 4 . 4 7 3 3 •  6 1  1 9 •  7 4 8 2 . 8 8 3 0 1 . 0 1 6 9 1 . 1 5 0 7 1 . 1 7 1 8
4 0 2 . 2 3 9 4 “ • OC i  2 . 1 6 9 2 . 3 3 4 7 . 4 9 6 2 •  6 5 4 6 •  8 1 1 2 . 9 6 7 2 1 . 1 2 3 5 1 . 2 8 U 1 . 1 * 0 4
4 5 2 . 6 2 3 « • Q 3 v 7 . 2 2 0 9 . 3 9 8 7 . 5 7 4 6 . 7 4 9 8 . 9 2 6 1 1 . 1 0 4 9 1 . 2 8 8 0 1 . 4 7 7 5 1 . 1 5 4 0
5 0 2 . 9 0 S H . 0  7«. 3 . 2 0 1 7 .« ♦« ♦9 3 . 6 3 * 3 9 . 8 3 2 6 1 . 0 3 3 7 1 . 2 4 4 9 1 . 4 7 0 3 1 . 5 2 7 7 1 . 0 * 4 5
5 5 3 . 4 2 7 4 .  1 - .H 6 .  3 4 6 4 . 5 3 9 0 . 7 4 3 ? •  9 6 2 2 1 . 2 0 1 1 1 . 4 6 5 7 1 . 7 6 3 2 1 . 2 5 1 7
1 . 1 1 6 1
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B E T A  -  0 . •
• < »  •  7 1 0
A l p h a  -  0 . 0 2 2 9 G r o w th  R a te  -  1 . 9 5 2 M e a n  A p e  a t B i r t h  o f  a l l C h i l d r e n  - 2 7 . 2 7
F IR S T  B IR T H  MEAN
CENTRAL ACE HEAN AGE AT 1 9 1 H 1 9 ¿ 0 2 1 2 2 2 3 2 6 2 5 2 6
o r • iR T H  o r  E L I  EST
r e s p o n d e n t s SURVIVING CHILDREN
1 « i . c o j s •  '«-»*• 7 . 6 0 3 9 . < ♦ - 1 1 •  6 ? | 6 . 6 9 6 2 •  5 1 7 6 . 5 3 7 6 •  5 5 7 9 •  5 8 0 7 . 6 7 6 2
I S 1 . 0 9 3 0 .  /  7 . 3 - » - 7 . < • 0 5 6 •  A S 1 3 •  6 9 3 3 •  5 3 3 6 •  5 7 3 6 •  6 1 5 6 •  6 5 9 9 •  Ì J 7 S
2 0 1 . 2 1 * * 8 . | 9 7 h . 2 7 6 2 •  J A 9 7 •  A  |  9 A •  6 8 6 6 . 5 5 2 2 •  6 1 8 2 •  6 8 5 5 . 7 5 6 7
•  8 2 6 0
2 s 1 . .  .• 7*« 7 . I f * * * « •  2 8 7 6 . 3 8 5 6 •  6 8 0 9 •  5 7 6 3 •  6 6 7 0 •  7 5 9 6 •  8 5 2 » . 9 * 6 5
3 0 I  . 6  7 7  E - .  J  3 * 9 • 0 9 t  6 . 2 2 7 6 . 3 5 6 0 • 6 7 6 6 . 5 9 5 8 •  7 1 3 2 •  8 2 9 3 • 9 6 6 5 1 * 0 * 4 0
3 5 I . A 3 I 5 1 0 6 .1 . U d ^ n • 2 0 9 7 . 3 5 9 1 •  5 0 < * 0 . 6 6 5 1 •  7 8 3 6 •  9 1 9 9
1 * 0 5 6 7 1 * 1 1 8 5
AO l . N M i - .  l O / ' S •  0 1  * *2 • 1 9 2 8 • 3 6 1 7 . 5 2 5 7 • 6 8 6 1 • 8 6 6 1 1 * 0 0 0 6 1 . 1 5 6 0
1 . 2 * 1 6
A S ? •  O r * 3 3 - . M 7 2 . 0 5 3 7 . 2 3 9 2 • 6 2 0 3 • 5 9 8 6 • 7 7 5 A • 9 5 2 3 1 * 1 3 0 9 1 . 3 1 3 0
1 . 2 7 0 0
s o 2 . 6 O 0 - 9 - •  1 1 A 0 . 0 6 0 * » • 2 7 2 3 • 6 6 3 1 • 6 5 S 0 . 8 5 0 3 1 . 0 5 1 9
1 . 2 6 3 2 1 * 6 8 8 1 1 . 2 3 6 7
5 5 2 . 8 M 2 8 - . 0 2 6 1 • 1 6 1 2 •  3 5 1 3 . 5 6 7 7 . 7 5 3 9 . 9 7 6 6 1 . 2 1 A 8 1 . 6 8 0 5
1 . 5 5 3 6 1 . 0 7 1 0
1 ( 2 )  -  e o o A l p h a  -  - 0 . 1 2 1 0  C r o v t h R a te  -  2 . 1 7 Z M e a n  A g e  a t : B i r t h  o f  a l l  C h i l d r e n -  2 7 . 2 4
F IR S T  B IR T H  MEAN
CENI PAL AGE MEAN ACE AT 1 7 I B 1 9
2 0 2 1 2 2 2 3 2 A 2 5
2 6
o r BIRTH OF ELDEST
RESPONDENTS SURVIVING CHILDREN
1 0 . 7 6 0 1 . 3 2 9 0 . 3 7 0 2 •  6 2 1 A
•  A 5 6 3 . 6 8 5 3 •  5 1 0 1 •  S 3 2 8 . 5 5 5 6 . 5 7 9 5 •  6 0 6 2
1 5 . 8 2 3 7 . 2 5 2 1 •  3 1 5 1 . 3 7 1 5 •  A 2 2 5
. 6 6 9 2 •  5 1 3 3 •  5 5 6 6 •  6 0 0 8 . 6 6 7 2 •  6 9 6 3
2 0 . 9 1 8 0 . 1 3 1 9 . 2 1 7 2 . 2 9 7 2 . 3 7 2 9
. 6 6 5 1 . 5 1 5 6 •  5 8 5 1 . 6 5 5 6 . 7 2 7 0 •  8 0 C  3
2 5 1 . 0 1 7 7 - . 0 1 1 5 •  1 0 3 6 . 2 1 3 A . 3 1 8 7
•  6 2 0 1 •  5 1 8 8 •  6 1 5 8 •  7 1 2 1 . 8 0 8 1
. 9 0 - 0
3 0 1 . 1 2 3 3 - . 1 5 6 7 - . 0 1 0 0 . 1 3 0 3
. 2 6 5 0 . 3 9 6  7 •  5 2 0 3 •  6 6 2 7 •  7 6 2 6
•  8 8 0 6 •  9 9 7 0
3 5 1 . 2 6  3 5 - . 2 A H 6 - . 0 7 5 6 . 0 9 0 2 . 2 A 9 0
•  6 0 1 8 •  5 6 9 6 . 6 9 2 6 •  8 3 2 3 . 9 6 9 2
1 . 1 0 3 5
AO 1 . 3 9 0 1 - . 3 3 1 0 - . 1 3 6 A •  0  A 9 9
. 2 2 8 7 •  6 0 0 8 •  5 6 7 1 . 7 2 8 9
. 0 8  7 2 1 . 0 6 3 1 1 . 1 9 7 6
A 5 1 . 5 8 2 A - . 3 2 7 6 - . 1 2 2 7 •  0  7 a  1
. 2 6 6 1 •  6 A 8 6 •  6 2 8 6 •  8 0 6 0 •  9 8 2 2
1 •  1 5 8 8 1 . 3 3 ' S
5 0 l . « 5 2 1 - . 3 2 3 2 - . 1 1 7 0 •  0 A 3 A
. 2 7 9 3 . 6 7 2 6 •  6 6 5 3 . 8 5 9 8
1 . 0 5 9 1 1 . 2 6 6 5 1 . 6 3 7 0
5 5 2 . 2 5 1 6 - . 2 A 8 7 - . 0 5 3 7 . 1 3 7 6
•  3 3 0 1 . 5 2 7 0 . 7 3 2 1 . 9 6 9 7
1 . 1 8 6 7 1 . 6 6 2 8 1 . 3 5 3 6
194
6.
TAW,K A. T. ». : «ont limed)
FU N C T IO N  E S T IM A T E D  . » ( 2 5 * N ) / 1 ( 2 J )  A F T A  •  0 . 8
( 2 )  '  , S Ü A l p h a  -  - 0 . 2 9 5 1  Gr ow th R a t e  -  2 . 7 0 X M ean  Age a t B i r t h  o f  a l l C h i l d r e n  »  27 . 0 9




M AN ACE AT 1 t 
PIMM OF ELDEST 
SUKV1VINC CHILDREN
1 * l v «»0 ¿ 1 2 2 2 3 2 4 2 5 2 6
IO . 5 * 7 1  . f s  + 't . A  We* .  J r i b l . *»¿<»7 • 4 5 6 7 . 4 8 3 9 • 5 0 8 6 • 5 3 2 9 • 5 5 8 6 • 5 * 6 6
I S . 5 h | | . S ' i l * • 3 l * i | • 37««> . 4 2 5 3 • 4 7 2 9 . 5 1 9 2 • 5 6 6 0 . 6 1 4 7 • 6 6 6 1
2 0 .  t “ «“ 7 .  0 - 4  1 .  1 J * ' 7 • 2 2 3 J • 3 0 4 4 . 3 8 2 4 . 4 5 7 4 • 5 3 1 2 • 6 0 5 2 • 6 8 0 0 • 7 5 6 3
? 5 • » ^ 1  * 1 7 » 0 0 3 5 .  u s o . ¿ ¿ * 0 . 3 3 6 5 • 4 4 1 5 . 5 4 4 0 . 6 4 4 9 • 7 4 5 0 . 8 —»«
3 0 . 7 * 7 f - . l - - f > . 0 0 6 9 • 1 5 1 6 • 2 9 0 1 . 4 2 3 4 . 5 5 2 3 . 6 7 7 6 • H 0 0 0 . 9 1 9 7
3 5 - • 2 J * > 6 - • U 5 6 5 • 1 1 4 1 . 2 7 7 1 . 4 3 3 ? . 5 8 3 3 • 7 2 8 3 • 8 6 8 6 1 . 0 ( 4 8
4 0 . Q * i * * l  - • ■ 0 * 3 - • 3 2 3 3 - •  1 2 0 9 • 0 7 1 6 • 2 5 4 9 • 4 3 0 0 • 5 9 8 1 . 7 6 0 2 . 9 1 7 3 1 . 0 7 0 3
4 5 1 .  l r J<'<* -  • 5  ■> 7 b - . 3 3 ? » - • 1 lrtrt •  0 8 4 « • 2 7 9 4 • 4 6 6 6 • 6 4  7 5 • 8 2 3 7 . 9 9 6 6 1 * 1 6 7 8
5 0 1 • 3 ? 3 3  - . 5 / o | - . 3 5 1 ? - . 1 3 4 3 • 0 7 3 8 • 2 7 4 9 • 4 7 0 7 • 6 6 3 5 • 8 5 5 8 1 . 0 5 0 5 1 . 2 5 1 3
5 5 1 . 6 1 7 « »  - . 5 J t t 4 - . 2 9 9 ? - . 0 9 7 3 • 1 0 0 0 . 2 9 5 5 . 4 9 2 9 • 6 9 5 9 • 9 0 8 7 1 * 1 3 5 9 1 . 3 6 2 9
' ( 2 )  ’
9 0 0 A l p h a  -  - 0 . 5 2 6 5  G r o w th R a te  -  3 . 2 5 Z M e a n  A g e a t  B i r t h  o f a l l  C h i l d r e n  - 2 6 . 9 3




M M  ACE AT 
' BIRTH OF ELDEST 
SURVIVING CHILDREN
1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6
1 0 . 1 3 8 2 •  ? 4 5 9 . 3 0 5 7 . 3 5 6 7 . 3 9 9 5 •  4 3 5 4 •  4 6 5 9 . 4 9 3 4 •  5 2 0 1 . 5 4 7 8 . 5 7 7 6
1 5 •  3 6 5 2 •  1 3 0 8 . 2 0 5 6 . 2 7 3 1 . 3 3 4 2 . 3 8 9 9 •  4 4 1 9 . 4 9 2 0 . 5 4 2 2 . 5 9 3 9 •  6 4 7 9
2 0 •  4 0 8 3 - . 0 3 7 « •  0 6 ? 7 . 1 5 6 9 . 2 4 5 5 . 3 2 9 6 •  4 1 0 4 •  4 8 9 4 •  5 6 7 8 •  6 4 6 6 . 7 2 6 3
2 5 . 4 5 4 7 - . ? 3 7 9 - . 1 0 2 9 . 0 2 5 5 •  1 4 7 8 . 2 6 4 7 . 3 7 7 2 . 4 8 6 2 . 5 9 2 8 . 6 9 7 7 •  eoic
3 0 . 5 0 3 9 - . 4 4 4 5 - . 2 7 1 4 - . 1 0 6 8 •  0 4 9 8 . 1 9 9 0 •  3 4 1 6 •  4 7 8 4 •  6 1 0 4 . 7 3 7 9 . 8 6 1 5
3 5 . 5 5 9 4 - . 5 9 5 5 - . 3 8 8 7 - . 1 9 3 1 - . 0 0 7 7 . 1 6 8 1 . 3 3 5 1 . 4 9 4 1 •  6 4 5 8 . 7 9 0 9
. 9 2 9 7
4 0 . 6 2 6 4 - . 7 4 2 ? - . 5 0 5 4 — • 2 B ? 0 - . 0 7 1 3 . 1 2 7 3 •  3 1 4 8 . 4 9 2 2 •  6 6 0 5 •  8 2 0 8 . 9 7 4 0
4 5 . 7 1 3 8 - . 7 9 3 0 - . 5 3 8 7 - . 3 0 0 1 - . 0 7 6 0 •  1 3 5 0 •  3 3 4 2 . 5 2 3 1
. 7 0 2 9 . 8 7 5 1 1 . 0 4 1 2
5 0 .  »  3 6 ? - . 8 4 5 5 - . 5 0 4 9 - . 3 4 0 4 - . 1 1 0 2 •  1 0 7 1 •  3 1 3 3 . 5 1 0 6 •  7 0 1 5 . 8 8 8 6 1 . 0 7 5 2
5 5 1 . 0 1 9 ? - . 7 9 7 1 - . 5 5 5 2 - . 3 2 7 9 - . 1 1 2 7 . 0 9 3 5 . 2 9 3 9 . 4 9 2 4 •  6 9 2 6 . 8 9 8 6 1 . 1 1 4 5
195
TABLE A. 3.3. i (l’ont Inue.l)
1 T N C T 1 0 N  E S T IM A T E D B 0 0  A L P H A  -  Ü . 0 2 2 1  C K O V T H  RAT»: -  2 . 0 0 1  A L L  B IR T H  W A N  -  2 7 . 1 9
F i r u t b i r t h  F u n c t i o n  w i t h  E a r l y  P e a k ,  1 7 J  Y e a r  R a n g e




ETAN ACK AT 
BIRTH OF CU ( ST 
SURVIVING CHILDREN
1 t 1 8 I V 2 0 2 1 2 2
2 3 ¿ A 2 b
1 0 • 8 1 ? . . . ? 9 7 A . 3 5 2 1 . 3 9 8 ? . « . 3 6 8 • A 6 9 2 • A 9 7 3
• 5 2 3 6 • 5 5 0 0 . 5 7 8 2 . 6 : 9 :
1 5 .  >»01.0 • 2 1 3 6 . 2 6 2 5 • 3**«. 7 • « . 0 1 2 • A 5 2 9 • 5 0 2 1
• 5 5 0 6 • 6 0 0 0 • 6 5 1 7 . 7 ( 6 1
2 0 1 . 0  V*M • 0 9 7 6 . 1 6 9 7 . 2 7 6 2 • 3 5 A 1 • A 3 6  3 . 5 1 2 3
• 5 8 7 7 • 6 6 3 7 • 7 A 1 o • 8 1 9
2 S 1 . 1 7 7 « . -  • 1» ? * *7 . 0 9 1 5 . 2 0 7 2 • 3 1 8 1 • A 2 5 0 • 5 2 9 1
. 6 3 1 6 • 7 3 3 A • 8 3 5 0 • 9 : 6 !
3 0 1 . 3 3 0  7 - •  | a 7 5 . 0 0 2 7 .  1 ««66 • 2 8 < « 9 • A l  8  A • S A R I
• 6 7 5 1 • 8 0 0 2 • 9 2 a ? 1 . 0 - 7
3 5 t . 5 0 e*«« - . 2 0 * .  3 - . 0 3 2 1 . 1 3 3 2 . 2 9 2 5 • A A 6 9 • 5 9 7 3
• 7 A A 9 • 8 9 0 A 1 . 0 3 « . « 1 . 1 7 8
AO l . 7 3 ’ 9 - . ¿ a 1*» - . 0 5 7 « . • 12««0 • 2 9 9 7 • A 7  1 0 . 6 3 9 2
. 8 0 5 7 . 9 7 2 2 1 . 1 A 0 0 1 . 3 1 0
A S 2 . 0 3 3 A - .  l 9 o 8 - . 0 0 5 « . • 1 8  1 «♦ • 3 6 5 5 • 5 A 8 A . 7 3 2 1
• 9 1 8 8 1 . 1 1 0 A 1 . 3 0 9 5 1 . 3 * 0
5 0 2 . A 6 0 5 - .  1 A 7 5 . 0 * 0 3 • 2 2 8 3 •  A  1 8 6 . 6 1 3 6 • 8 1 6 7
1 . 0 3 1 6 1 . 2 6 3 A 1 . 5 1 7 9 1 . 2 7 a
5 5 3 . 0 7 7 « » - . 0 3 2 0 • 1 * 0 8 . 3 2 6 9 • 5 2 1 6 • 7 3 3 2 . 9 6 8 2
1 . 2 3 A 3 1 . 5 A 1 2 1 . 5 9 0 7 l . O é J
F i r s t b i r t h  F u n c t i o n  w i t h  L a t e  P e a k ,  1 7 j  Y e a r  R a n g e
F IR S T  B IR T H  M EAN
CENTRAL ACE MEAN ACE AT 1 7 1 8 1 9 2 0 2 1 2 2
C A £ 3 £ 6
OF BIRTH OF ELDEST
RESPONDENTS SURVIVING CHILDREN
1 0 .  8  1 7 a • 2 9 c 5 • 3 8 ‘j  » . 3 9 1 5 • A 3 0 A • A 6 A 0
. < . 9 3 9 • 5 2 1 8 • 5 A 9 7 • 5 7 8 7 . 6
1 5 • 9 0 5 0 . 2 0 8 8 . 2 7 6 9 . 3 3 8 9 . 3 9 5 8
• A A 8 9 . • . . . f t • 5 A 9 6 • 6 0 0 3 • 6 5 2 A • 7
2 0 1 . 0 3 5 8 . 0 9 3 6 . 1 8 5 1 . 2 7 1 7 • 3 5 A 0
• A 3 3 3 . s i o « . 5 8 7 5 • 6 6 A 3 • 7 A 2 0 .8
2 5 l .  1 7 7 A - . 0 3 2 6 .  ÛP 8A • 2 0 A 2 • 3 1 5 6
• A 2 3 5 • S Z 8 6 • 6 3 2 0 • 7 3 A A • 8 3 6 2 . 9
3 0 1 . 3 3 0  r - • 1 a 9 1 . 0 0 0 8 .  1 A A 0 • 2 8 3 a . A l  7 6
. s » m • 6 7 5 8 . 8 0 1 3 • 9 2 5 a 1 . 0
3 5 1 . 5 0 »A - . 2 0 3 5 - . 0 3 3 3 . 1 3 2 3 . 2 9 2 3
. A A 7 3 . 5 . 9 8 2 • 7 A 6 2 . 8 9 2 0 1 . 0 3 6 5 1 . 1
AO 1 . 7 3 2 9 -  • 2A* .  3 - . 0 5 6 7 • 1 2 a 5 . 3 0 0 3
• A 7 1 9 .f c<*0<. • 8 0 7 A .  9 7 A 1
1 . 1 A 1 9 1 . 3
A 5 2 . 0 3 3 A - . 1 9 6 7 - . 0 0 5 2 • 1 6 2 0 . 3 6 6 6
• 5 5 0 0 . 7 3 « ! . 9 2 0 9 1 . 1 1 2 7 1 . 3 1 1 9 1 . 3
5 0 2  • ‘• 6 0 3 -. 1 A ^ 7 . 0 A 2 1 • 2 3 0 0 • A 2 0 1 • 6 1 5 1 • SI«3
l « 0  3 3 5 1 . 2 6 5 8 1 . 5 2 0 9 1 . 2
5 5 1 . 0 7 7 9 - . 0  J 1 2 . 1 A ? 2 . 3 2 5 3 . 5 2 0 ? • 7 3 2 2 . 9 . 7 5
1 . 2 3 3 8 1 . 5 A 0 6 1 . 5 9 0 0 1 * 0
1 9 6
T A R I I A .  J .  3 . I ( l ' o i t l i n i t a s l )
r U K C T H W  K S r iM A lL ü  J 1 < 2 5 >  M T A  “  > * °  1 <2) "  8 0 0  A m i A  *  0 * 0 2 2 1  CR0UT1H R A T K  -  2 . 0 0 X  A L L  B 1 R 1H  H L  AN -  2 7 .  V
S t a n d a r d  F i r n b i r t h  F u n c t i o n  e v e r  I S  Y e a r  R a n g e
FIRST BIR1II ML AN




BIKTH OK EL;>F ST 
SURVIVING CHILDREN
1 t 1H 19 20 21 2 2 2 3 24 2 5 2 6
10 .« 1 .  to  /•. .  359.» .• *0 2 6 • 4 3 8 3 .* *6 7 9 .4 9 4 0 .5 1 8 9 .5 4 4 7 •  5 7 2 7 • 6 0  3«
16 .9& -»0 .21*19 .?*» S4 .  344*9 .3 9 8 6 •  4 4 8 0 .4 9 5 4 .5 4 2 7 .5 9 1 7 •  6 4 3 3 .6 9 7 5
20 Ì . 0 Ì Ì * • O'* 7r> .  I f  ? - . 2 / 1 8 .3 5 1 3 •  4 2 / 6 .5 0 2 4 .5 7 7 2 • 6 5 3 0 •  7 3 0 6 .8 0 9 3
1 .1 7 7 * . -  .  ;» • 0*»*.S . 1 9H8 .  3 0 8 2 • 4 1 4 0 .5 1 7 6 • 6 1 9 8 .7 2 1 7 •  8 2 3 6 .9 2 5 5
30 1 . 3  3 7 - . 1  .1*1 - . 0 0 6 7 .1 3 6 3 .2 7 3 8 •  4 0 6 6 .5 3 6 1 • 6631 • 7 8 8 6 •  9 1 3 0 1 .0 3 6 *
35 1 .* ì 09*» -  • 0<*?7 .1 2 2 3 .2 8 1 5 .4 3 5 9 .5 8 6 5 •  734 4 • 8 8 0 3 1 . 0 2 5 0 1 .1 6 9 1
40 1 .7 3 2 9 - . 2 5 3 1 - . 0 6 5 0 •  1 1 6 5 .2 9 2 2 .4 6 3 5 • 6 3 1 8 .7 9 8 6 • 9 6 5 4 1 . 1 3 3 5 1 .3 0 6 2
45 2 .3 1 1 * * - . 2 0 0 1 - • 0 0 8 8 • 1781 .3 6 2 3 .5 4 5 7 .7 2 9 9 •  9 1 6 8 1 .1 0 8 5 1 . 3 0 7 5 1 . 3 8 8 s
50 2 .< *6 0 5 - .  1 **i. 0 • 0<*46 .2 3 3 2 .4 2 3 9 •  6 1 9 1 .8 2 2 3 1 .0 3 7 6 1 .2 6 9 9 1 . 5 2 5 4 1 .2 8 3 6
55 3 .0 7 7 9 - . 0 2 0 9 .1 5 4 5 .3 3 7 3 .5 3 2 1 .7 4 4 1 .9 7 9 9 1 .2 4 7 4 1 .5 5 6 1 1 . 6 0 8 0 1 .1 0 3 9




MEAN AGL AT 
BIKTH OF ELDEST 
SURVIVING CHILDREN
17
10 .8 1 7 4 .2 8 3 3
15 .9 0 5 0 .2 0 4 7
20 1 .0 3 5 8 .0 9 5 7
25 1 .1 7 7 4 - . 0 2 4 6
30 1 .3 3 0 7 - . 1 3 6 0
35 1 .5 0 9 4 - . 1 4 3 1
40 1 .7 3 2 9 - . 2 3 5 4
45 2 .0 3 1 4 - . 1 9 3 4
50 2 .4 6 0 5 - . 1 * 1 6
55 3 .0 7 7 9 - . 0 4 6 5
16 19 2 0
.3 3 9 5 •  3 8 8 2 .4 3 0 ?
. 2  756 • 3 4 0 6 .4 0 0 2
.1 8 9 7 . 2  787 .3 6 3 3
.0 9 7 9 .2 1 5 2 • 3 2 8 0
• 0 1 2 9 .1 5 7 8 .2 9 7 1
- . 0 2 0 6 • 1451 .3 0 5 0
- . 0 4 4 2 • 1329 .3 0 8 7
- . 0 0 2 1 .1 8 4 8 •  3 6 8 9
.0 3 5 3 .2 2 2 7 .4 1 2 7
• 129 4 .3 1 2 9 . 5 0  79
F IR S T  B IR T H MEAN
2 1 2 2 2 3
•  4 6 6 5 . 4 9 8 4 •  5 2 7 8
. 4 5 5 8 •  5 0 8 3 . 5 5 9 3
. 4 4 4 4 . 5 2 3 0 •  6 0 0 3
•  4 3 6 9 . 5 4 2 6 •  6 4 6 1
•  4 3 1 5 •  5 6 2 3 . 6 8 9 8
•  4 5 9 9 •  6 1 0 6 . 7 5 8 2
•  4 8 0 1 . 6 4 8 5 •  8 1 5 1
. 5 5 1 9 . 7 3 5 7 . 9 2 2 3
•  6 0 7 6 . 8 1 0 7 1 . 0 2 5 7
. 7 1 9 5 •  9 5 4 0 1 . 2 1 9 0
2 6  2 5  2 6
• 5 5 6 3  * 5 8 5 7  . 6 1 6
• 6 1 0 5  * 6 6 2 9  .7 1 7
• 6 7 7 2  • 7 5 6 7  . 8 3 3
• 7 4 8 2  • 8 4 9 7  . 9 5 0
•  8 1 5 0  . 9 3 8 6  1 .0 6 1
• 9 0 3 6  1 . 0 4 7 7  1 .1 9 1
•  9 8 1 5  1 . 1 4 9 1  1 .3 1
1 .1 1 3 9  1 . 3 1 3 ?  1 . 3 9
1 .2 5 7 4  1 . 5 1 1 4  1 . 2 6
1 .5 2 4 0  1 . 5 7 1 1  1 . 0 6
T AMI F A. 3..'. t (tout
H W C I l l 'N  C S T lH M I in  I  H UT A  •  1 . 0  1 ( 2 )  -  HOO A L T  HA -  0 . 0 S 2 1
H ig h  F e r t i l i t y  M o d e l .  M i r t h  I n t e r v a l  •  2 .2  y e a r s  G r o w t h  R a te  -  2.72Z A l l  B i r t h  M e a n  •  2 6 .1 8




Mr AN ACC AT 
B1K1H I'F I t K N  
SVAVIVINC CHILDREN
1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5
1 0 . 6 7 7 9 . 2 3 1 4 . 3 3 / 1 . 3 8 4  3 •  4 2 3 8 •  4 5 6 5 . 4 8 4 8 •  5 1 0 8 . 5 3 6 9 •  5 6 4 5
1 5 •  7 * .  7 4 •  1 3 9 4 . 2 5 9 5 •  3 2 2 6 . 3 7 9 8 •  4 3 1 9 •  4 8 1 1 . 5 2 9 3 •  5 7 8 3 •  6 2 9 5
2 0 . 8 5 6 7 . 0 6 1 4 . .  1 5 6 7 . 2 4 2 3 . 3 2 5 0 •  4 0 3 6 . 4 7 9 9 . 5 5 5 2 •  6 3 1 0 •  7 0 8 1
2 5 . 9 7 6 4 - . 0 8 0 8 . 0 4 ? 0 •  1 5 9 1 . 2 7 1 1 . 3 7 8 7 •  4 8 3 4 •  5 8 6 2 •  6 8 8 1
. 7 8 9 9
3 0 1 . 1 0 5 7 - . 2 1 6 5 - . 0 6 4 1 . 0 8 1 9 •  2 2 1 9 •  3 5 6 6 . 4 8 7 2 •  6 1 4 8 •  7 4 0 3
•  8 6 4 4
3 5 1 . 2 5 4 6 - . 2 9 2 7 - . 1 1 7 8 . 0 4 9 9 . 2 1 1 1 •  3 6 6 8 . 5 1 8 1
•  6 6 6 0 •  8 1  I S . 9 5 5 2
4 0 1 . 4 3 3 7 - . 3 5 5 9 - . 1 6 5 3 . 0 1 8 3 . 1 9 5 6 •  3 6 7 6
. 5 3 5 7 •  7 0 1 2 . 8 6 5 6 1 . 0 3 0 3
4 5 1 . 6 8 2 5 - . 3 3 1 9 - . 1 3 8 8 . 0 4 8 7 •  2 3 2 1 •  4 1 3 0 . 5 9 3 3
. 7 7 4 6 . 9 5 9 1 1 . 1 4 8 7
5 0 2 . 0 2 3 5 - . 3 1 0 0 - . 1 2 3 7 . 0 6 0 9 . 2 4 5 3 •  4 3 2 0
•  6 2 3 0 •  8 2 1 8 1 . 0 3 2 3 1 . 2 5 9 4
5 5 2 . 5 1 0 7 - . 2 2 3 8 - . 0 5 6 1 • 1 1 4 7 . 2 9 1 7 . 4 7 9 3 • 6 8 2 6
. 9 0 7 5 1 . 1 6 1 2 1 . 4 5 2 5
L o w  F e r t i l i t y  M o d e l .  B i r t h I n t e r v a l  - 3 . 0  y e a r s G r o w t h  R a te  - 1 . 4 3 Z  A l l B i r t h  Mean - 2 7 . 3 6




fXAN ACE AT 1 7  
BIRTH OF ELDEST 
SURVIVING CHILDREN
1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5
1 0 . 9 2 6 2 . 3 0 5 7 . 3 5 8 0
. 4 0 2 7 •  4 4 1 0 •  4 7 4 2 •  5 0 4 1 •  5 3 2 1 •  5 6 0 3 •  5 8 9 6
1 5 1 . 0 2 8 4 . 2 2 8 1 . 2 9 5 3 •  3 5 6 6
•  4 1 3 1 . 4 6 6 0 . 5 1 6 7 •  5 6 7 0 . 6 1 7 9 •  6 7 0 5
2 0 1 . 1 7 5 5 . 1 2 2 2 . 2 1 2 9 •  2 9 8 8
. 3 6 0 7 •  4 5 9 9 . 5 3 7 3 •  6 1 4 1 •  6 9 1 1 . 7 6 8 9
2 5 1 . 3 3 1 9 •  0 0 8 4 . 1 2 8 2
. 2 4 2 9 . 3 5 3 5 •  4 6 0 8 . 5 6 5 5 . 6 6 8 6 . 7 7 0 7 •  8 7 2 4
3 0 1 . 5 0 1 6 - . 0 9 4 0 . 0 5 4 2
. 1 9 6 5 •  3 3 3 8 •  4 6 6 9 . 5 9 6 6 . 7 2 3 7 . 8 4 8 8 •  9 7 2 6
3 5 1 . 7 0 0 3 - . 1 3 6 0 . 0 3 3 9 •  1 9 7 7
. 3 5 6 0 . 5 0 9 8 . 6 5 9 9 . 8 0 7 3 •  9 5 3 0 1 . 0 9 7 7
4 0 <f
> c - . 1 5 9 5 . 0 2 5 7 •  2 0 5 0 . 3 7 9 5 •  5 5 0 3 . 7 1 8 7 . 8 8 6 2
1 . 0 5 4 1 1 . 2 2 3 9
4 5 2 . 2 8 5 5 - . 0 9 9 1 . 0 9 1 0
. 2 7 7 7 . 4 6 2 6 . 6 4 7 3 . 8 3 3 9 1 . 0 2 4 2 1 . 2 2 0 9 1 . 4 2 6 8
5 0 2 . 7 5 7 1 - . 0 3 6 1
. 1 5 2 4 . 3 4  2 2 . 5 3 5 8 . 7 3 6 2 . 9 4 6 8 1 . 1 7 2 1 1 . 4 1 7 5 1 . 5 8 7 6
5 5 3 . 4 2 3 6 . 0 7 9 9
. 2 6 0 7 . 4 5 1 9 •  6 5 8 1 •  8 8 5 0 1 . 1 3 9 8 1 . 4 3 1 0 1 . 7 6 9 8
1 . 2 0 3 1
2 6
•  5 9 « . *  
. 6 8 3 *
•  7 6 6  >
•  8 9  1 s
• 987* 
1 . 0 9 8 3  
1 . 1 9 6 *  
1 . 3 4 5 9  
1 . 5 0 9 )  
1 . 7 9 2
2 6
•  6 2 1  
. 7 2 5
. 3 4 7
. 9 7 S |
1 . 0 9  
1 . 2 2  
1 . 2 6  
1.24 
1 . 0 8
1.10
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IA I iI.K A . J .  1 .  !  (C o n t in u r d )
F U N C T IO N  E S T IM A T E D  :  1 ( 2 0 * N ) ^ 1 ( ? 0 )  M T A  *  l ‘ °
1 ^ 2 )  "  A l p h a  -  0 . 4 0 5 7  G r o w t h  R a to  “  1 . 1 5 Z  M o a n  A g e  a t  B i r t h  o f  o i l  C h i l d r o n  -
CCS UAL AGC MAN AC»: AT 1 
VY B i t  IN M  H I !  ST
KESt*ONDKNTS Sl'KVIVISC IHll.DRF.X
F IR S T  B IR T H  ! 
? !
1 0 1 . 6 7 9 6 . 4  3 6 6 . 4 7 6 3 . 5 0 7 1 •  S 3 2 4 . 5 5 3 9 . 5 7 3 6 •  5 9 3 A . 6 1 A 6 •  6 3 8 7 •  6 6
I S 1 . H 5 7 S . S 0 0 7 . 5 4 6 6 . 5 9 1 8 . 6 3 0 8 . 6 6 7 2 . 7 0  3 9 •  7 A 1 7 . 7 8 2 1 •  8 2 5 4 •  « 5
2 0 ? « 0 4 | M « S  7  A  3 .  6 4  3 A . 7 0  3 9 •  7 6 1 0 •  6 1 6 8 . 8 7 6 1 . 9 3 5 1 . 9 9 6 3 1 . 0 6 0 1 l e C A
2 5 ? . 3  IS O •  7 h < i . 7 6 0 1 . 8 4 1 0 •  9 2 0 1 . 9 9 6 6 1 . 0 7 7 5 1 . 1 5 7 8 1 . 2 A 0 1 1 . 3 2 A 7 1 . 1 9
3 0 2 . 5 9 1 6 •  7 3 7 1 •  8 9 1 5 . 9 9 3 6 1 . 0 9 A A 1 . 1 9 5 0 1 . 2 9 6 5 1 . 3 9 9 6 1 . 5 0 5 2 1 . 6 1 3 A 1 . 2 6
3 S 2 . 6 6 1 6 •  9 0 7 0 1 . 0 3 2 S 1 . 1 5 6 9 1 . 2 6 1 1 1 . A 0 6 5 1 . 5 3 A 1 1 . 6 6 5 0 1 . 8 0 0 3 1 . 7 6 6 9 1 . 3 3
AO 7 . 2 2 7 4 I . 0 6 t f S 1 . 2 1 7 2 1 . 3 6 7 3 1 . 5 2 0 5 1 . 6 7 6 6 1 • B A  3 2 2 . 0 1 6 A 2 . 1 9 9 8 1 . 7 9 7 0 1 . * *
A S 1 . 6 5 5 3 1 . 2 4 6 3 1 . 4 2 * 6 1 . 6 1 6 0 1 . 6 1 3 3 2 . 0 2 3 0 2 . 2 A 6 A 2 . A 9 3 5 2 . 7 6 2 7 1 . A 7 9 6 1 . 5 2
so A . 1 8 6 6 1 . S 2 6 1 1 . 7 S 8 0 2 . 0 1 0 0 2 . 2 6 7 9 2 . 5 9 6 8 2 . 9 5 1 3 3 . 3 5 6 2 2 . 5 0 3 8 1 . 5 6 0 4 1 . 3 3
5 5 A . 6 2 2 3 1 . 0 5 2 0 2 . 1 6 0 0 2 . 5 5 7 6 2 . 9 9 7 6 3 . 5 1 6 A A . 1 3 A 5 A . 2 5 3 1 1 . 5 A 0 1 1 . 6 A 9 3 •  a a
“  7 0 0  A l p h a  -  0 . 2 9 1 6  G r o w t h  R a te  ■  1 . 3 5 Z  M e a n  A g e  a t  B i r t h  o f  a l l  C h i l d r o n  -  2 7 .3 1
CENTRAL ACE MEAN ACC AT 
of  BSR1N OF B U K f f
RFSi’ONDF.NTS SURVIVING CIT.DREN























1 AMI I' A.J. \. ( (Continued)
FU N C TIO N  F S T 1 M A 1 T D  l  l
■<») -  7 SO A lp h a  -  0 . 1 6 5 9 Gr ow th H a t e  •  1 . 6 2 Z M e a n  A g e  a t B i r t h  o f  a l l C h i l d r e n -  2 7 . 2 7




KEAN ACT. AT 
B IRTH  o r  ELPI ST 
SURVIVING CHILDREN
1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6
1 0 1 • O H O '. .  I * r t 0 .  A A 6 0 . < • 8 6 2 •  5 1 9 6 . 5 4 7 5 . 5 7 1 9 . 5 9 5 0 . 6 1 8 5 . 6 4 3 8 •  6 7 1 6
I S 1 .  I  0  7A , < • 3  7 8 .  4 V 6 Q •  S < » 9 6 . 5 9 7 1 •  6 A 0 8 . 6 8 2 3 •  7 2 3 6 •  7 6 6 2 . 8 1 1 0 . 8 5 * 5
? 0 1 . 3 6 4 9 . < ♦ 8 5 ? . S h o e . 6 3 1  A . 6 9 7 8 . 7 6 1 4 . 8 2 3 7 . 8 8 5 9 •  9 4 9 3 1 . 0 1 4 1 , 1 . 0 « 1 3
? s 1 • * * < •< . ! , 5 4 < *  \ • 6 3 9 5 . 7 3 0 3 •  8 I 7 A . 9 0 1 9 . 9 8 5 1 1 . 0 6 7 9 1 . 1 5 1 3 1 . 2 3 5 9 1 . 3 2 1 6 1
3 0 1 . 7 3 7 2 •  6 1  1 7 . 7 2 7 1 •  8 3 8 1 •  9 A S 6 1 . 0 5 0 6 1 . 1 5 4 3 1 . 2 5 7 7 1 . 3 6 1 4 1 . 4 6 6 2 1 . S 6 ? 5
3 S 1 . 9 6 0 5 . 6 8 4 3 •  8 1 8 7 •  9 A 9 2 1 . 0 7 6 9 1 . 2 0 2 9 1 . 3 2 8 2 1 . 4 5 4 0 1 . 5 8 1 2 1 . 7 1 0 8 1 . 7 2 7 1
AO 2 . 2 3 7 3 . 7 9 3 3 •  9 A S 7 1 . 0 9 5 9 1 . 2 4 5 4 1 . 3 9 5 4 1 . 5 4 7 8 1 . 7 0 4 0 1 . 8 6 5 9 2 . 0 3 4 9 1 . 8 3 3 3
A S 2 .  C O I A • 9 1  2 a 1 . 0 8 6 1 1 . 2 6 1 9 1 . 4 4 1 7 1 . 6 2 7 7 1 . 8 2 2 3 2 . 0 2 8 3 2 . 2 4 9 0 2 . 4 8 8 ? l . ? 4 » J
SO 3 . 0 9 7 1 1 . 1 1 5 3 1 . 3 2 1 0 1 . 5 3 7 7 1 . 7 6 9 2 2 . 0 2 0 4 2 . 2 9 7 7 2 . 6 0 8 3 2 . 9 6 1 4 2 . 6 6 1 0 1 . 7 8 ) 3
5 5 3 . 7 6 S 0 1 . 3 5 6 3 1 . 6 2 2 9 1 . 9 2 1 7 2 . 2 6 1 6 2 . 6 5 4 7 3 . 1 1 4 9 3 . 6 6 0 0 4 . 1 9 4 8 1 . 7 9 7 9 1 . 9 6 5 3
A l p h a  -  0 . 0 2 2 1  G r o w t h  R a t e  -  2 . 0 0 Z  M e a n  A g e  a t  B i r t h  o f  a l l  C h i l d r e n  -
F IR S T  B IR T H  I
CENTRAL ACT. KEAN ACE AT 
b i r t h  o r  r i.o r .s T
RESPONDENTS SURVIVING CHILDREN
1 0 . 8 1 7 4 . 3 7 4 3 . 4 2 7 7 . 4 7 2 9 . 5 1 0 8 . 5 4 2 7 . 5 7 0 3
. 5 9 5 9 •  6 2 1 3 •  6 4 8 1 . 6 7
1 5 . 9 0 5 0 . 4 0 3 1 . 4 6 8 3 . 5 2 6 6 •  5 7 9 1 . 6 2 6 9
. 6 7 1 9 . 7 1 5 9 . 7 6 0 5 •  8 0 7 0 •  6 5
2 0 1 . 0 3 5 8 . 4 3 4 7 . 5 1 7 1 •  5 9 3 5 •  6 6 5 2 . 7 3 3 2
. 7 9 8 9 . 8 6 3 8 . 9 2 9 0 . 9 9 5 6 1 . 0 6
2 5 1 . 1 7 7 4 . 4 7 3 7 . 5 7 6 2 . 6 7 3 2 . 7 6 5 7 . 8 5 4 5 •  9 4 1 0
1 . 0 2 6 2 1 . 1 1 1 2 1 . 1 9 6 4 1 . 2 8
3 0 1 . 3 3 0 7 . 5 1 8 5 •  6 4 1 1 . 7 5 8 3 . 8 7 0 9 . 9 7 9 6
1 . 0 8 5 8 1 . 1 9 0 4 1 . 2 9 4 2 1 . 3 9 8 0 1 . 5 C
3 5 1 . 5 0 8 4 . 5 6 5 8 . 7 0 6 8 . 8 4 2 7 . 9 7 4 1 1 . 1 0 2 2
1 . 2 2 8 0 1 . 3 5 2 6 1 . 4 7 6 8 1 . 6 0 1 7 1 . 7 2
4 0 1 . 7 3 2 9 . 6 4 6 « . 8 0 3 7 . 9 5 6 6 1 . 1 0 6 4 1 . 2 5 4 6
1 . 4 0 2 5 1 . 5 5 1 8 1 . 7 0 4 1 1 . 8 6 0 8 2 . 0 2
4 5 2 . 0 3 3 4 . 7 3 0 8 . 9 0 4 4 1 . 0 7 7 3 1 . 2 5 1 0
1 . 4 2 7 5 1 . 6 0 8 8 1 . 7 9 7 2 1 . 9 9 5 5 2 . 2 0 6 8 2 . 2 3
5 0 2 . 4 * 0 5 •  8 H 5 8 1 . 0 6 2 0 1 . 2 8 4 4 1 . 4 9 6 0
1 . 7 2 0 8 1 . 9 6 3 5 2 . 2 3 0 0 2 . 5 2 7 7 2 . 8 6 5 3 2 «  2 5
5 5 3 . 0 7 7 9 1 . 0 6 8 4 1 . 3 0 6 1 1 . 5 6 6 4 1 . 8 5 6 9
2 . 1 8 6 4 2 . 5 6 6 1 3 . 0 0 9 6 3 . 5 3 4 1 3 . 4 2 6 8 2 . 0 1
200
TARIT A.3..I. S (tVnt imu d)
U N C T I O N  l .S H M A T K O  :  1
, ( J U « N ) / l ( 2 0 )
BE T A  «  1 . 0
-  6 5 0  A l p h u  *  - 0 . 1 5 2 1  G r o w t h R u le  -  2 . 5 5 X M o a n  A g e a t  B i r t h  o f a l l  C h i l d r e n  • 2 7 . 0 6
F IR S T .B IR T H MEAN
CENTRAL ACE »r.AN Af.E AT 1 7 
Oh BIK1 It OK L I.P tS T  
RESPONDENTS SURVIVING CKII I'RI.N
1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5
1 0  . 6  7 / 4 •  3 4  « 6 . 4 0 7 5 . 4 5 7 9 . 5 0 0 6 . 5 3 6 7 •  5 6 8 1 . 5 9 6 6 •  6 2 4 5 . 6 5 3 ?
I S  , 6 3 0 . » . 3 * 5 3 . 4 3 7 0 . 5 0 1 5 . 5 5 9 5 •  6 1 2 3 •  6 6 1 5 . 7 0 9 0 . 7 5 6 4 •  8 0 5 0
2 0  . 7 3 ? * .  3 9 0 8 . 4 7 0 4 . 5 5 3 7 •  6 3 1 4 . 7 0 4 7 . 7 7 4 9 •  8 4 3 4 . 9 1 1 5 . 9 8 0 1
2 5  . 8 3 5 9 . 4 0 0 6 . 5 1 1 1 . 6 1 5 4 . 7 1 4 2 •  8 0 8 3 . 8 9 9 0 . 9 8 7 4 1 . 0 7 4 5 1 . 1 6 1 0
3 0  .« #< »« 1 . 4 2 < *  1 . 5 6 5 2 . 6 7 9 6 . 7 9 8 2 . 9 1 1 7 1 . 0 2 1 2 1 . 1 2 7 6 1 . 2 3 2 0 1 . 3 3 5 0
3 5  1 . 0 7 H 8 . 4 4 7 0 . 5 9 6 4 . 7 3 8 9 . 8 7 5 4 1 . 0 0 6 7 1 . 1 3 3 8 1 . 2 5 7 8 1 . 3 7 9 5 1 . 4 9 9 9
4 0  1 . 2 4 2 3 . 4 9 9 4 . 6 6 3 5 . 8 2 1 1 . 9 7 3 3 1 . 1 2 1 2 1 . 2 6 6 2 1 . 4 0 9 8 1 . 5 5 3 3 1 . 6 9 8 2
4 Ç  1 . 4 6 4 7 . 5 4 6 7 . 7 2 4 1 . 8 9 7 2 1 . 0 6 7 7 1 . 2 3 7 2 1 . 4 0 7 6 1 . 5 8 0 7 1 • 7 5 8 9 1 . 9 4 4 7
5 0  1 . 7 8 9 7 •  6 5 1 5 . 8 4 2 6 1 . 0 3 4 8 1 . 2 3 0 5 1 . 4 3 2 6 1 . 6 4 4 9 1 . 8 7 1 9 2 . 1 1 9 1 2 . 3 9 3 4
5 5  2 . 2 9 1 2 . 7 6 3 6 . 9 7 7 7 1 . 2 0 4 8 1 . 4 5 0 6 1 . 7 2 1 8 2 . 0 2 6 6 2 . 3 7 5 1 2 . 7 7 9 3 3 . 2 5 4 7
1 ( 2 )  -  9 0 0  A l p h a  -  - 0 . 3 8 3 4 G r o w t h R a te  -  3 . 1 S Z M e a n  A g e a t  B i r t h  o f a l l  C h i l d r e n  - 2 6 . 9 1
F IR S T  B IR T H M F AN
CENTRAL ACE KT.AN ACE AT 1 
OF BIR.H OK LI.LNST 
RESPONDENTS SURVIVING CHILDREN
7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5
1 0  . 3 6 3 8 3 2 2 5 . 3 8 7 0 . 4 4 2 7 . 4 9 0 3 . 5 3 0 9 •  5 6 6 1 •  5 9 8 0
. 6 2 8 6 . 6 5 9 7
I S  . 4 0 0 7  • 3 2 7 1 . 4  0 5 6 •  4 7 6 4 •  5 4 0 3 . 5 9 8 5 . 6 5 2 4 •  7 0 3 9 . 7 5 4 6
•  8 0 6 0
2 0  . 4 6 1 0 3 2 6 5 . 4 2 4 0 •  5 1 4 6 . 5 9 9 1 . 6 7 8 3 •  7 5 3 6
•  8 2 6 4 . 8 9 7 9 . 9 6 9 1
? S  . 5 2 7 3 3 2 7 2 . 4 4 6 7 . 5 5 9 2 . 6 6 5 3 . 7 6 5 7 •  8 6 1 5 . 9 5 3 8
1 . 0 4 3 7 1 . 1 3 1 8
3 0  . 5 9 9 4 3 2 9 7 . 4 7 0 9 •  6 0 4 1 . 7 3 0 0 . 8 4 9 4 . 9 6 3 1 1 . 0 7 2 3
1 . 1 7 7 8 1 . 2 8 0 ?
3 5  . 6 8 1 3 3 3 0 7 . 4 9 0 7 . 6 4 1 9 •  7 8 4 9 . 9 2 0 7 1 . 0 5 0 ?
1 . 1 7 4 ? 1 . 2 9 3 7 1 . 4 0 9 6
4 0  . 7 8 7 7 3 5 9 * » . 5 3 3 5 •  6 9 8 4 •  8 5 4 9 1 . 0 0 4 1 1 . 1 4 7 3 1 . 2 8 5 6
1 . 4 2 0 6 1 . 5 5 3 4
4 S  . 9 2 9 1 . 3 7 5 3 . 5 6 0 7 . 7 3 7 9 . 9 0 8 1 1 . 0 7 3 0 1 . 2 3 4 2 1 . 3 9 3 4
1 . 5 5 2 4 1 . 7 1 3 5
5 0  1 . 1 3 7 4 4 1 3 8 . 6 2 6 9 . 8 1 5 3 1 . 0 0 1 0 1 . 1 8 6 4 1 . 3 7 4 4
1 . 5 6 8 4 1 . 7 7 2 6 1 . 9 9 2 J
S S  1 . 4 C 9 6 4 7 2 6 •  6 7 4 6 •  8 6 0 2 1 . 0 9 3 0 1 . 3 1 0 4 1 . 5 6 2 5 1 . 8 3 2 3
2 . 1 3 6 2 2 . 4 8 4 ?
201
T A F I.K  A .  3 .  3 .  » ( C o a t i l i u c s l )
I t  N e i l l ' S  E S I  I  M A I El> I  1 i : o « N ) ^  ( 2 0 )  * K T A  *  l * J
‘ ( 2 )  *  , i 0
A l p h a  •  0 . 6 2 0 2 G r o w th R a t e  -  0 . 6 9 1 M e a n  A g e  a t B i r t h  o f a l l  C h i l d r e n  -  2 7 . 2 5




MI AN ACK AT 
MRTH OF ELDEST 
SURVIVING CHILDREN
1 r 1 8 1 9 2 0 ? 1 2 2 2 3 2 4 2 5
1 0 1 . 8 6 6 8 . 4 4 9 5 . 4 8 8 4 . 5 2 0 9 •  5 4 8 3 . 5 7 2 1 . 5 9 4 5 . 6 1 7 1 . 6 4 1 2 . 6 6 7 7
1 5 2 .  1 2 5 3 . 5 2  1 5 . 5 7 3 5 . 6 1 8 9 . 6 6 1 0 . 7 0 1 3 •  7 4 1 7 . 7 8 3 4 •  8 2 7 5 •  8 7 4 4
2 0 2 . 4 6 3 4 . 6 2 4 6 . 6 9 1 3 . 7 5 5 0 . 8 1 6 9 . 8 7 8 3 •  9 4 0 6 1 . 0 0 4 7 1 . 0 7 1 4 1 . 1 4 0 Q
2 5 2 . 0 1 3 6 . 7 5 5 1 •  8 4 1 8 •  9 2 6 6 1 . 0 1 0 7 1 . 0 9 5 3 1 . 1 8 1 5 1 . 2 7 0 2 1 . 3 6 1 9 1 . 4 2 9 7
3 0 3 . 1 8 0 9 . 9 0 9 1 1 . 0 1 8 3 1 . 1 2 7 0 1 . 2 3 6 6 1 . 3 4 8 2 1 . 4 6 2 9 1 . 5 8 1 8 1 . 7 0 5 7 1 . 5 3 9 0
3 5 3 . 5 8 7 4  1 . 0 8 2 7 1 . 2 1 7 9 1 . 3 5 5 4 1 . 4 9 6 8 1 . 6 4 3 6 1 . 7 9 7 3 1 . 9 5 9 7 2 . 1 3 2 7 1 . 4 3 7 7
4 0 4 . 0 5 2 6  1 . 3 1 3 6 1 . 4 8 3 5 1 . 6 6 1 7 1 . 8 5 0 5 2 . 0 5 3 0 2 . 2 7 2 2 2 . 5 1 1 7 2 . 2 8 6 8 1 . 3 6 8 3
4 5 4 . 5 8 7 4  1 . 5 7 9 4 1 . 8 0 4 0 2 . 0 4 8 7 2 . 3 1 8 2 2 . 6 1 8 6 2 . 9 5 7 3 3 . 3 4 3 9 1 . 7 0 7 5 1 . 4 1 6 6
5 0 5 . 1 7 9 0  l . 9 7 0 7 2 . 2 9 3 3 2 . 6 6 4 1 3 . 0 9 6 9 3 . 6 0 9 3 4 . 2 2 4 1 3 . 2 3 1 3 1 . 4 1 4 6 1 . 2 5 3 0
5 5 5 . 7 8 2 4  2 •  4 0 5 1 2 . 9 0 5 3 3 . 5 1 6 3 4 . 2 7 1 8 5 . 2 1 7 0 6 . 2 0 5 5 1 . 3 5 9 0 1 . 4 2 7 6 •  6 3 0 1
l f 2 )  -  8 0 0 A l p h a  -  0 . 2 3 6 6 G r o w th R a t e  -  1 .7 5 % M e a n  A g e  a t B i r t h  o f a l l  C h i l d r e n  •
2 7 . 0 9




MEAN ACE AT 
BIRTH 01 ELDEST 
SURVIVING CHILDREN
1 7 1 8 1 9 2 0 2 1 2 2
2 3 2 4 2 5
1 0 . 9 1 0 3 .  3 7 6 4 . 4 3 4 1 . 4 8 3 8 . 5 2 6 4 . 5 6 3 0 . 5 9 5 5
•  6 2 5 8 •  6 5 5 8 . 6 8 6 8
1 5 1 . 0 4 1 0 •  4 1 0 9 •  4 8 1 7 . 5 4 5 9 . 6 0 4 3 •  6 5 8 0
. 7 0 8 9 . 7 5 8 5 . 8 0 8 6 •  8 6 0 0
2 0 1 . 2 3 9 7 . 4 5 7 6 . 5 4 5 6 . 6 2 8 1 . 7 0 5 8 •  7 8 0 1 •  8 5 2 0
•  9 2 3 2 . 9 9 4 7 1 . 0 6 7 1
2 5 1 . 4 6 0 4 . 5 2 0 9 . 6 2 8 2 •  7 3 0 6 •  8 2 8 9 . 9 2 4 1
1 . 0 1 7 5 1 . 1 1 0 1 1 . 2 0 2 9 1 . 2 9 6 7
3 0 1 . 7 0 6 3 . 5 9 8 5 . 7 2 5 0 . 0 4 7 2 . 9 6 6 1
1 . 0 8 2 7 1 . 1 9 8 2 1 . 3 1 3 9 1 . 4 3 0 6 1 . 5 4 9 3
3 5 1 . 9 9 9 8 . 6 8 7 6 . 8 3 2 6 . 9 7 5 0 1 . 1 1 5 8 1 . 2 5 6 2
1 . 3 9 7 7 1 . 5 4 1 8 1 . 6 8 9 8 1 . 8 4 3 1
4 0 2 . 3 7 3 2 . 8 2 2 5 . 9 8 7 4 1 . 1 5 3 2
1 . 3 2 1 4 1 . 4 9 4 2 1 . 6 7 3 8 1 . 8 6 2 9 2 . 0 6 4 3 2 . 2 8 0 7
4 5 2 , 8 7 1 1 •  9 8 0 6 1 . 1 7 3 3 1 . 3 7 4 4 1 . 5 9 6 9
1 . 8 1 4 4 2 . 0 6 1 1 2 . 3 3 2 1 2 . 6 3 3 7 2 . 9 7 4 1
5 0 3 . 5 3 5 9  11 . 2 4 8 9 1 . 4 9 3 3 1 . 7 6 2 6 2 . 0 6 4 1
2 . 4 0 7 6 2 . 8 0 5 6 3 . 2 7 4 4 3 . 8 3 4 9 2 . 6 3 9 5
5 5 4 • 3 6 6 1  1 . 5 8 0 2 1 . 9 3 1 9 2 . 3 4 9 8 2 . 8 5 4 3
3 . 4 7 2 2 4 . 2 3 9 0 5 . 2 0 2 7 3 . 9 6 4 1 1 . 9 0 7 9
26



















t a h h : A . i . i .  : (a>nti imt- .i )
r i N l I I O S  E S T IM A T E D  :  1 ( ; 0  > N ) ^  '  ( . ’ 0 )  B t I A  *
■ c ,  •
A l p h a  •  - 0 . 1 6 8 9  G r o w t h R a t« *  -  3 . 0 0 2 M e a n  A g e a t  B i r t h  o f a l l  C h i l d r e n  - 2 6 . as




Mr AN ACE AT 
BIRTH OF i x r r s T  
SUR VIV IN G  CHILDREN
1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5
1 0 •  < • 0 5 6 . 3 1 4 9 •  3 8 6 6 •  4 4 9 6 . 5 0 4 7 •  5 5 2 8 . 5 9 5 4 •  6 3 4 5 •  6 7 1 9 « 7 0 9 ?
I S . 4 6 0 7 •  3 1 6 8 . 4 0 6 7 •  4 8 6 9 •  5 6 0 1 •  6 2 7 4 •  6 9 0 2 . 7 5 0 0 •  8 0 8 5 •  8 6 6 7
2 0 •  5 5 2 8 .  3 2 5 1 . 4 3 2 6 •  5 3 3 0 . 6 2 7 0 •  7 1 5 4 . 7 9 9 5 •  8 8 0 5 . 9 5 9 5 1 . 0 3 7 6
2 S . 4 5  n s .  3 3 9 4 . 4 6 7 8 •  5 8 9 0 . 7 0  3 6 •  8 1 2 3 . 9 1 6 1 1 . 0 1 6 3 1 . 1 1 3 8 1 . 2 0 9 4
3 0 . 7 7 7 7 . 3 6 0 3 . 5 0 8 0 •  6 4 8 1 •  7 8 1 2 •  9 0 8 1 1 . 0 3 0 0 1 . 1 4 8 0 1 . 2 6 3 1 1 . 3 7 6 1
3 5 . 9 ? ? 4 . 3 8 3 0 . 5 4 6 9 •  7 0 3 2 •  8 5 2 9 •  9 9 7 0 1 . 1 3 6 8 1 . 2 7 3 3 1 . 4 0 7 9 1 . 5 4 1 f t
4 0 1 . 1 1  1 9 . 4  3 4 2 . 6 1 2 2 . 7 8 2 1 . 9 4 7 2 1 . 1 0 8 9 1 . 2 6 9 0 1 . 4 2 9 6
1 . 5 9 2 6 1 . 7 6 0 3
4 5 1 . 3 8 3 5 . 4 8 4 3 . 6 7 1 4 •  8 5 6 5 1 . 0 8 1 8 1 . 2 2 9 5 1 . 4 ? ? S 1 . 6 2 3 8 1 . 8 3 6 6 2 . 0 6 5 4
5 0 1 . 8 0 5 7 . 5 9 8 8 . 8 0 0 1 1 . 0 0 8 1 1 . 2 2 6 4 1 . 4 5 9 8 1 . 7 1 4 0 1 . 9 9 6 7 2 . 3 1 7 7 2 . 6 8 9 4
5 5 2 . 4 8 4 5 . 7 4 1 3 . 9 7 3 4 1 . 2 3 1 3 1 . 5 2 4 5 1 . 8 6 5 6 2 . 2 7 0 2 2 . 7 5 8 9
3 . 3 5 8 4 4 . 1 0 4 6
BE T A  -  0 . 8
1(2 )  *  650 A l p h a  -  0 . 2 6 2 6 G r o w t h R a te  -  1 . 4 2 Z M e a n  A g e a t  B i r t h  o f a l l  C h i l d r e n  - 2 7 .38




MEAN ACE AT 
BIRTH OF ELDEST 
SURVIVING CHILDREN
1 7 1 8 1 9 2 0 2 1 2 2 2 3
2 4 2 5
1 0 1 . 5 6 4 9 . 4 3 1 7 . 4 6 7 5 . 4 9 6 3 •  5 1 9 4
. 5 3 8 4 . 5 5 5 4 . 5 7 2 5 •  5 9 1 2 •  6 1 2 5
1 5 1 . 6 9 6 0 . 4 8 4 4 . 5 3 1 7 . 5 7 1 5 •  6 0 7 4
•  6 4 1 0 •  6 7 4 1 . 7 0 8 5 . 7 4 5 * •  7 8 5 5
2 0 1 . 8 6 9 ? . 6 5 1 4 . 6 1 2 5 •  6 6 9 6 . 7 2 4 0
. 7 7 7 0 •  8 3 0 3 •  8 8 5 1 •  9 4 2 3 1 . 0 0 2 1
2 5 2 . 0 4 7 ? . 4 2 6 7 . 7 0 9 4 . 7 8 6 7 . 8 6 1 7 . 9 3 5 6
1 . 0 0 9 5 1 . 0 8 4 5 1 . 1 6 1 1 1 . 2 3 9 6
3 0 2 . 2 3 3 6 . 7 1 2 8 . 8 1 3 9 . 9 1 1 9 1 . 0 0 7 6
1 . 1 0 1 9 1 . 1 9 6 2 1 . 2 9 1 0 1 . 3 8 7 1 1 . 4 8 4 S
3 5 2 . 4 4 4 1 .  7 9 9 2 •  9 2 0 1 1 . 0 3 8 1
1 . 1 5 4 ? 1 . 2 o 9 3 1 . 3 8 4 5 1 . 5 0 0 5 1 . 6 1 8 2 1 . 7 3 8 ?
4 0 2 . 6 9 6 1 . 9 1 8 ? 1 . 0 5 7 9 1 . 1 9 6 0
1 . 3 3 3 4 1 . 4 7 1 6 1 . 6 1 1 8 1 . 7 5 5 3 1 . 9 0 3 3 1 . 9 9 7 9
4 5 3 . 0 1 4 6 1 . 0 4 3 3 1 . 2 0 5 2 1 . 3 6 8 3
1 . 5 3 4 4 1 . 7 0 5 1 1 . 8 8 2 2 2 . 0 6 7 9 2 . 2 6 4 6 2 . 0 3 5 0
5 0 3 . 4 3 0 0 1 . 2 4 1 1 1 . 4 3 3 ? 1 . 6 3 3 4 1 . 8 4 4 5
2 . 0 7 0 4 2 . 3 1 5 3 2 . 5 8 4 5 2 . 8 8 4 0 1 . 8 3 3 3
5 5 3 . 9 7 2 9 1 . 4 6 8 ? 1 . 7 1 3 8 1 . 9 8 2 8 2 . 2 8 1 6 2 . 6 1 7 3
2 . 9 9 8 9 3 . 4 3 7 4 2 . 9 9 7 3 1 . 6 6 0 0
203
lAht.r. A.J. 3 I ((.i>n( iniK'd)
F U N C T IO N  r  S T IM A I  I H  :  1
C o . N ) / l ( 20 ) B K T A  -  0 . 8
1 ( 2 )  •  8 iV )  A l p h a  -  - 0 . 1 2 1 0  G r o w lh R a t *  -  2 . 1 7 1 M i'All A g e  A t B i r t h  oC « 1 1  C h i l d r e n  • 2 7 . 2 4
F IR S T  B IR T H MF.AN
CENTRAL ACE H*'AN ACK AT l  7 
o k  b  i  r i  i i  o f  i : i .n r  ST 
RESPONDENTS SURVIV ING CHILDREN
1 « 1 9 2 0 2 1 2 2 2 3 2 4 2 5
1 0  .  7 6 0  1 •  3 H 0 1 .  4  J O  1 •  4 7 1 8 •  5 0 6 2 . 5 3 4 5 . 5 6 8 5 •  5 8 0 4 . 6 0 2 0 •  6 2 5 0
1 5  . 8 2 1 7 . 4 0 7 3 . 4 6 7 7 •  5 2 1  1 . 5 6 8 8 •  6 1 1 9 •  6 5 2 1 •  6 9 1 4 . 7 3 1 4 . 7 7 3 6
2 0  . « 1 8 0 •  4 . 3 1 «1 . 6 0 8 8 •  * ' 7 9 9 . 6 4 6 3 . 7 0 9 1 •  7 6 9 4 . 8 2 9 5 . 8 8 9 9 •  9 5 1 7
2 5  1 . 0 1 7 7 •  < « 5 9 0 .  5 6 6 3 . 6 - 8 2 . 7 3 5 5 •  8 1 9 2 •  9 0 0 3 . 9 8 0 2 1 . 0 5 9 7 1 . 1 3 9 4
3 0  1 . 1 2 3 3 . 4 8 6 9 . 6 0 5 ? . 7 1 7 8 . 8 2 5 3 •  9 2 8 8 1 . 0 2 9 1 1 . 1 2 7 1 1 . 2 2 3 8 1 . 3 1 9 7
3 5  1 . 2 4 . 3 5 . 5 1 2 5 . 6 5 0 1 •  7 8 1 6 . 9 0 7 7 1 . 0 2 9 2 1 . 1 4 7 1 1 . 2 6 2 2 1 . 3 7 5 4 1 . 4 8 7 ?
4 0  I . 3 9 C 1 . 5 6 6 3 . 7 1 9 « . 8 6 7 2 1 . 0 0 9 4 1 . 1 4 7 2 1 . 2 8 1 8 1 . 4 1 4 4 . 1 . 5 4 6 2 1 . 6 7 8 0
4 5  1 . 5 0 2 4 . 4 1  3 A . 7 8 2 1 . 9 4 5 5 1 . 1 0 5 2 1 . 2 6 2 6 1 . 4 1 8 8 1 . 5 7 5 6 1 . 7 3 4 5 1 . 8 9 7 ?
5 0  1 . 8 5 2 1 . 7 1 5 6 . 8 9 8 0 1 . 0 7 8 8 1 . 2 6 0 0 1 . 4 4 J 6 1 . 6 3 2 3 1 . 8 2 9 2 2 . 0 3 8 1 2 . 2 6 3 1
5 5  2 . 2 5 1 6 •  8 1 4 ? 1 . 0 1 6 8 1 . 2 2 6 0 1 . 4 4 5 5 1 . 6 7 9 9 1 . 9 3 4 1 2 . 2 1 4 3
2 . 5 2 6 9 2 . 8 8 0 4
1 ( 2 )  -  9 0 0 A l p h a  -  - 0 . 5 2 6 5  G r o w th R a t e  -  3 . 2 5 Z M e a n  A g e a t  B i r t h  o f a l l  C h i l d r e n  ■ 2 6 . 9 3




MEAN M i  AT 
BIRTH IF LLDLST 
SURVIVING CHILDREN
1 7 1 8 1 9 2 0 2 1 2 2 2 3
2 4 2 5
1 0 . 3  3 8 2 . 3 2 9 0 . 3 8 8 0 •  4 3 8 0 •  4 7 9 8 •  5 1 4 5
. 5 4 3 7 . 5 6 9 7 . 5 9 4 6 •  6 2 0 5
1 5 •  3 4 5 ? . 3 3 5 7 . 4 0 6 6 •  4 6 9 8 •  5 2 6 1
. 5 7 6 7 •  6 2 3 2 . 6 6 7 6 . 7 1 1 9 . 7 5 7 4
2 0 . 4 0 8 3 . 3 3 2 ? . 4 2 1 2 . 6 0 3 4 . 5 7 9 6 . 6 5 1 0
•  7 1 8 8 . 7 8 4 6 . 8 4 9 8 •  9 1 5 4
2 5 .4 5 4 7 . 3 2 6 7 .4 3 7 0 . 5 4 1 5 •  6 3 9 9 •  7 3 3 0 . 8 2 2 0 . 9 0 8 0 . 9 9 2 2
1 . 0 7 5 ?
3 0 . 4 0 3 9 .3 1 7 9 . 4 6 2 1 . 5 7 8 5 . 6 9 7 9 •  8 1 1 0
•  9 1 8 8 1 . 0 2 2 1 1 . 1 2 2 0 1 . 2 1 8 9
3 5 . 6 5 9 4 •  3 0 6 3 . 4 6 1 2 . 6 0 7 2 . 7 4 5 0 . 8 7 5 2
. 9 9 8 7 1 . 1 1 6 3 1 . 2 2 8 8 1 . 3 3 6 9
4 0 . 6 2 4 4 . 3 2 1 7 . 4 9 2 8 •  6 5 3 9 •  8 0 5 4
•  9 4 8 4 1 . 0 8 3 7 1 . 2 1 2 5 1 . 3 3 5 7 1 . 4 6 4  3
4 5 . 7 1 3 8 .  . 3 2 3 ? . 5 0 7 9 . 6 8 1 7 . 8 4 6 8
1 . 0 0 1 4 1 . 1 4 9 5 1 . 2 9 1 6 1 . 4 2 8 9 1 . 5 6 2 7
5 0 . 8 3 4 ? .  3 4 « - 6 . 5 5 9 2 . 7 4 2 0
•  9 1 6 3 1 . 0 8 4 0 1 . 2 4 7 0 1 . 4 0 7 6 1 . 5 6 8 6 1 . 7 3 2 4
5 5 1 . 0 1 9 2 . 3 7 7 1 . 5 7 4 3 . 7 6 9 3 . 9 5 8 9
1 . 1 4 8 6 1 . 3 4 1 8 1 . 5 4 2 5 1 . 7 5 4 8 1 . 9 8 3 ?
26
•  0 5 J
•  e i a  
1.01 
1.21 
1 . 4 1  
1 . 5 9  
1.01 
2 . 0 6  
2 . 4 ?  








1 . S (  
1.6 
1 . 9  
2.2
204
pKCTION F S T !MM KP :  1
0 . 1 5 2 1  Grow th  R a t e  -  1 .R 5 X  Mean Aro a t  H i r t h  o f  a l l  C h i l d r e n  • 2 6 . 4 4
F IR S T  B IR T H  MEAN
CENTRAL ATT. HTA* ACF. AT 
c r  HI Kill o r  ELDEST
n r.srcsotN TS s l l v iv ik c  ch iidrfm
59 *#  7 6S6«i5 7 0 9
7 5 9 8 808«;6 6 9 6
8 9 6 7 9 8  1 5
9 9 0 5 1 . 0 7 7 59 0 ? 0
1 . J 3 7 05 5 7 9
1 . 3 7 9 80 0 7 68 7 6 95 9 7 6
1 . 6 9 3 52 6 3 3
1 . 7 9 3 91 . 0 5 8 0
2 . 0 7 2 81 . 9 0 ? 9
3 . 0 6 9 92 . 6 2 8 02 . 2 5 0 01 * 1 3 8 5  1 . 3 7 9 7
B i r t h  o f  a l l  C h i l d r e n  -  2 6 . 4 1
- 0 . 2 5 7 8  G r o w th  R a te
F IR S T  B IR T H  MEAN
CENTRAL AGE KEAN ACE AT 
OF BIRTH OF ELDEST
RESPONDENTS SURVIVING CHILDREN
6 0 0 79 9 8 ?
8 0 9 36 0 8 7 6 6 0 4
9 7 8 ?9 0 8 98 3 8 67 6 7 96 9 5 1
8 8 3 87 9 0 6S < * 0 9
1 . 2 0 7 66451
1 . 3 3 7 99 6 5 78  3 ? 9
1 . 3 9 6 51*?0 6 01 . 0 6 ? 97 6 0 66 0 0 09457
9 M ? 0
1 . 9 1 3 71 . 9 8 5 6
1 . 9 5 6 69 9 6 ?7 o 6 ?
1AM!'  A. A. I .  > (C«ntt tur n 'd )
m t C T lO K  e s t i m a t e d  i  9 K lA  "  1 , 0  L o w  ■r* r r i » 4 « y  M o d e l
• 8 3 0  Al(>lm ■ - 0 . 1 5 2 1  G r o w t h  R n t c  • 1 . B 5 X  Mean  Ape « t  B i r t h  o f  a l l  C h i l d r e n  ■ 2 6 . 4 4




n r  AN ACE AT 
HI HI II o r  ELDEST 
SURVIVING CHILDREN
1 • 1 « 1*» 2 0 ? 1 2 ? 2 3 2 4 2 5
1 A » ‘ ' I . ' ! .  v . n , 4 0 «  A . 5 0 ? « . 5 3 9 3 . 5 7 0 9 . 5 9 9 7 . 6 2 7 7 •  6 5 6 5
1 « I |  7 .  / . • , « . 1 0 0 . 5 0 3 7 . 5 6 7 3 . 6 1 5 1 •  6 6 4 6 . 7 1 2 2 . 7 5 9 8 . 8 0 8 5
? n .  i  •« »n . 4 7  ? M . 5 5 5 ? . 6 3 - 7 . 7 0 7 7 .  7 7 8 1 . 8 4 6 7 •  9 1 4 9 . 9 8 3 5
? « . - V « | . 5 1 3 7 •  M O O . 7 1 7 0 •  8 1 1 3 . 9 0 7 0 . 9 9 0 5 1 . 0 7 7 5 1 . 1 6 4 0
3 0 , s i n 7 .  *4 ?S  A . 5 5 7 4 , 6 8 1 9 . « 0 0 6 . 9 1 4 1 1 . 0 2 A 5
1 . 1 2 9 9 1 . 2 3 4 2 1 . 3 3 7 *
3 5 .  U i> ■* ? . 5 9 7 6 •  7 4 0 0 . 8 7 6 4 1 . 0 0 7 6 1 . 1 3 4 5 1 . 2 5 8 3 1 . 3 7 9 8 1 . 4 9 9 9
4 0 1 . 2 1 * 0 •  <»«*<0 . 5 6 1  « . « 1 9 2 . 9 7 1 2 1 . 1 1 8 8 1 . 2 6 3 3
1 . 4 0 6 4 1 . 5 4 9 3 1 . 6 9 3 5
4 5 1 •  4  2 « 6 , 5  3 f t « .  7 1 ^ 6 . « « « 2 1 . 0 5 8 0 1 . 2 2 6 5 1 . 3 9 5 7 1 . 5 6 7 5
1 . 7 4 3 9 1 . 9 2 7 4
5 0 . . 7 2 7 0 . 6 ? 9 9
<0O'
CC 1 . 0 1 0 0 1 . 2 0 3 3 1 . 4 0 2 4 1 . 6 1 0 7 1 . 8 3 2 4 2 . 0 7 2 e 2 . 3 3 8 ?
5 5 2 . 1 H O 0 . 7 1 0 3 . 9 1 8 8 1 . 1 3 8 5 1 . 3 7 4 7 1 . 6 3 3 3
1 . 9 2 2 1 2 . 2 5 0 0 2 . 6 2 8 0 3 . 0 6 9 4
8 7 5  A l p h a  - - 0 . 2 5 7 8  G r o w t h Rate -  2,.0 7 %  M e a n  A g e a t  B i r t h o f  a l l  C h i l d r e n
«  2 6 . 4 1




MEAN ACE AT 
BIRTH OF ELDEST 
SURVIVING CHILDREN
1 7 1 « 1 9 2 0 2 1 2 2
2 3 2 4 2 5
1 0 . - 4 5 ? .  337 « • 3 5 0 6 . 4 5 2 « . 4 9 8 ?
. 5 3 6 8 . 5 7 0 3 . 6 0 0 7 . 6 3 0 1 •  6 6 0 1
1 5 . * ' 1 2 9 .  34 «9 . 4 2 4 1 . 4 9 1 « . 5 5 3 0 . 6 0 8 7
. 6 6 0 4 . 7 1 0 1 . 7 5 9 2 •  8 0 9 3
? 6 . 4 8 3 7 .  3 5 6 9 . 4 5 0 5 . 5 3 7 4 •  6 1 8 6 . 6 9 5 1 . 7 6 7 9
•  8 3 8 6 . 9 0 8 4 . 9 7 « ?
2 5 , 6 7  1 « . 1 6  76 .4 8 2 6 .4 9 0 9 . 6 9 3 3 . 7 9 0 6
. 8 8 3 8 . 9 7 4 1 1 . 0 6 2 5 1 . 1 4 9 7
3 0 .7 6 1  9 .  t “ C * . 5 1 6 7 .6 4 5  3 . 7 6 7 4
. 8 8 3 7 . 9 9 5 2 1 . 1 0 2 9 1 . 2 0 7 6 1 . 3 1 0 1
3 5 . * 4 6 0 . 3  »23 . 5 4  6 6 . 6 9 3 0 . 8 3 2 4 . 9 6 5 7
1 . 0 9 3 7 1 . 2 1 7 5 1 . 3 3 7 9 1 , 4 5 5 c
4 0 .9 9 5 7 .4 3 1 7 .6 0 0 0 . 7 6 0 6 . 9 1 4 4
1 . 0 6 2 4 1 . 2 0 6 0 1 . 3 4 6 5 1 . 4 8 5 4 1 . 6 2 3 0
4 5 1 .1 6 9 M . 4 5 * 0 .6 3 8 4 . « 1 2 5 . 9 8 2 0 1 . 1 4 8 3 1 . 3 1 3 ?
1 . 4 7 8 5 1 . 6 4 6 2 1 . 8 1 8 4
5 0 1 . 4 2 2 3 . 4 7 9 / . 7 1 9 9 . 9 0 5 3 1 . 0 9 4 9 1 . 2 8 8 3
1 . 4 8 5 6 1 . 6 9 2 5 1 . 9 1 3 7 2 . 1 5 4 »
5 5 » . « 1 1 1 . 4 1 3 ? . 7 6 6 ? . 9 9 6 2
1 . 2 1 7 8 1 . 4 5 6 6 1 . 7 1 9 1 2 . 0 1 3 2 2 * 3 4 8 1
2 . 7 3 5 1
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TAB!.K A . V I .  J ((Olitimi«'«!)
FUNCTION ESTIMATED I »( 2 5 * N ) / l ( 25 )  Pr iA  "  ° *  8




R K SrjN DK N TS
W AN MB AT 
PIMM 01* F.LW 5T 
SURVIVING CHILDREN
1 ' 1 * 1 V 20 21 2 2 23 2 * 2 5 2 6
10 .  5 » 7 1 •  .(  !-» f* .  J r lo l . * 2 * 7 •  « 5 6 7 • * 8 3 9 . 5 0 0 6 . 5 3 2 9 •  5 5 8 6 •  5 « 6 6
I S .51-1 1 • 1 •* '  • •  3 I * M •  3 7 h *> •  * 2 5 3 . * 7 2 9 . 5 1 9 2 . 5 6 6 0 •  6 1 * 7 •  66 6 1
? 0 • l ) - *  1 . 1 . 0 - 7 •  2 2 3 J •  3 0 * 4 .  J « 2 * . * 5 7 * • S 3 ! ? •  6 0 5 ? •  6 8 0 0 . 7 5 6 3
? s . 7 ? |  » 1 ’ 7w - . 0 0 . IS •  1 IS O . 2 2 4 0 •  3 3 6 5 . * * 1 5 . 5 * * 0 . 6 * * 9 •  7 * 5 0
3 0 .  7*477 - . 3 J 3 S -  .  | m ^ ( . • 006*9 •  1 5 1 6 . 2 9 0 1 . * 2 3 * . 5 5 2 3 . 6 7 7 6 •  H 0 0 0 •  V Î 9 7
3 5 .  f - . * * ? 3 f - . 2 J ‘>6 - . 0 5 6 5 • 1 1 * 1 . 2 7 7 1 . * 3 3 ? . 5 8 3 3 . 7 2 8 3 • 8 6 8 6 1 . O f * 8
* 0 . « ‘ ¿ ‘' I - . 3 2 3 3 - . 1 2 0 9 • 0 7 1 6 •  2 5 * 9 • * 3 0 0 . 5 9 8 1 . 7 6 0 2 . 9 1 7 3 1 . 0 7 0 3
* s 1 . 1 « * ^ * - . V W l - -  .  3 . V o - . 1 lrtrt . 0 8 * « . 2 7 9 * •  * 6 6 6 • 6 * 7 5 • 8 2 3 7 . 9 9 6 6 1 .  1678
5 0 1 . 3 ? 3 3 - . 3 5 1 ? - . 1 . 1 * 3 . 0 7 3 0 • 2 7 * 9 •  * 7 0 7 . 6 6 3 5 . 8 5 5 8 1 . 0 5 0 5 1 . 2 5 1 3
5 5 1 . 6 1 7 ? - . 5 J * * - . 2 9 9 2 - . 0 9 7 3 • 1 0 0 0 . 2 9 5 5 • * 9 2 9 . 6 9 5 9 •  9 0 8 7 1 . 1 3 5 9
1 . 3 6 2 9





MEAN ACE AT 
BIRTH OF ELDEST 
SURVIVING CHILDREN
17 18 19 30 31 2 2 23 2 * 2 5 2 6
10 . 3 3 8 2 •  ? * 5 9 . 3 0 5 7 . 3 5 6 7 . 3 9 9 5 • * 3 5 * . * 6 5 9 . * 9 3 * . 5 2 0 1 . 5 * 7 8
. 5 7 7 6
15 . 3 6 5 2 •  1 30 8 . 2 0 5 6 • ? 7 3 1 . 3 3 * 2 . 3 8 9 9 • * * 1 9 . * 9 2 0 . 5 * 2 2 . 5 9 3 9
•  6 * 7 9
20 . * 0 * 3 - . 0 3 7 8 . 0 6 2 7 . 1 5 6 9 . 2 * 5 5 . 3 2 9 6 •  * 1 0 *
•  * 8 9 * •  5 6 7 8 . 6 * 6 6 . 7 2 6 3
25 . * 5 * 7 - . 2 3 7 9 - . 1 0 2 9 •  0 3 5 5 • 1 * 7 8 . 2 6 * 7 . 3 7 7 2 . * 8 6 2 . 5 9 2 8 . 6 9 7 7 • f iOlC
30 . 5 0 3 9 - . * * * 5 - . 2 7 1 * - . 1 0 6 8 • 0 * 9 8 . 1 9 9 0 • 3 * 1 6 •  * 7 8 * • 6 1 0 *
. 7 3 7 9 . 8 6 1 5
35 . 5 5 9 * - . 5 9 5 5 - . 3 8 8 7 - . 1 9 3 1 - . 0 0 7 7 . 1 6 8 1 . 3 3 5 1 . * 9 * 1
•  6 * 5 8 . 7 9 0 9 . 9 2 9 7
* 0 • S ? 6 * - . 7 * 2 ? - . 5 0 5 * - . 3 8 2 0 - . 0 7 1 3 . 1 2 7 3 •  3 1 * 8 • * 9 2 2
. 6 6 0 5 . 8 2 0 8 . 9 7 * 0
* 5 . 7 1 3 8 - . 7 9 3 0 - . 5 3 8 7 - . 3 0 0 1 - . 0 7 6 0 . 1 3 5 0 • 3 3 * 2 . 5 2 3 1
. 7 0 2 9 • 8 7 5 1 1 . 0 * 1 2
SO . 8 3 6 ? - . 8 * 5 5 - . 5 8 * 9 - . 3 * 0 * - . 1 1 0 3 . 1 0 7 1 • 3 1 3 3 . 5 1 0 6 . 7 0 1 5 . 8 8 8 6 1 . 0 7 5 2
5 5 1 . 0 1 9 ? - . 7 9 7 1 - . 5 5 5 ? - . 3 3 7 9 - . 1 1 2 7 . 0 9 3 5 . 2 9 3 9 . * 9 2 * • 6 9 2 6
•  8 9 8 6 1 . 1 1 * 5
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T A U L E  A .  3 .  J .  :  ( f o n t  i n u e . l )
r iV C T I O M  E S T IM A T E !»  I  1 ( ¿ 5* n ) / !  ( 2 5 )  iE T A  "  l * °  * ( 2 )  *  8 0 0  A L P M A  *  ° ‘ 0 2 2 1  CROVTH RATE -  2 . 0 0 X  A L L  B IR T H  W A N  -  2 7 . 1 «
F i m t b i r t h  F u n c t i o n  w i t h  E a r l y  P e a k ,  1 7 j  Y o u r  R a n g e




MT AN ACK AT 
BtUlH OF I'.LM'ST 
SURVIVING CMIIJIRKM
1 t IH 1 9 2 0 2 1 2 2 ¿ 3 2 “ 2 5 2 6
1 0 • *  l  7*. . ? 9  7 “ .  3 S 2 I . 3 9 8 2 • “ 3 6 8 . “ 6 9 2 • “ 9 7 3 • 5 2 3 6 • 5 6 0 0 . 5 7 8 2 • 6 C 9 1
I S . ‘» o s o . 2 1 3 6 . 2 * 2 5 . 3 « .  “ 7 • “ 0 1 2 • “ 5 2 9 . 5 0 2 1 • 5 5 0 6 • 6 0 0 0 • 6 5 1 7 • 7 ( 6 0
2 0 1 . 0 V > 8 .  0 * 7 7 0 . 1 6 9 7 • 2 7 6 2 . 3 5 8 1 • “ 3 6 3 . 5 1 2 3 . 5 8 7 7 . 6 6 3 7 • 7 “  1 0 • 8 1 9 7
2 S 1 . 1 7 7 “ - •  v ? “ 7 . 0 9 1 5 . 2 0 7 2 • 3 1 8 1 . “ 2 5 0 • 5 2 9 1 • 6 3 1 6 . 7 3 3 “ • 8 3 5 0 . 9 :  6 5
3 0 1 .  - 0  7 - .  1 “ 7 5 • 0 0 2 7 .  1 “ 6 6 • 2 8 “  9 • “ 1 8 “ • S “ R l • 6 7 5 1 • 8 0 0 2 • 9 2 “ 2 1 . 0 * 7 2
3 5 1 . 5 0 « » “ - •  2 0 * « 3 - . 0 3 2 1 . 1 3 3 2 . 2 9 2 5 . “ “ 6 9 • 5 9 7 3 • 7 “ “ 9 • 8 9 0 “ 1 . 0  3 “ 8 1 . 1 7 6 7
<•0 1 • ? 3 ? 9 1 -  .  O S  7 “ • 1 2 “ 0 . 2 9 9 7 • “ 7 1 0 . 6 3 9 2 • 6 0 5 7 . 9 7 2 2 1 . 1 “ 0 0 1 . 3 1 0 5
A S 2 . 0 3 3 “ - . 1 9 o 6 - . 0 0 5 “ • 1 0 1 “ . 3 6 5 5 • 5 “ 8 “ . 7 3 2 1 • 9 1 8 8 1 . 1 1 0 “ 1 . 3 0 9 5 1 . 3 C0 8
5 0 2 . “ 6 0 5 - . l “ 7 S • 0 “ 0 3 • 2 2 8 3 • “ 1 8 6 • 6 1 3 6 • 8 1 6 7 1 . 0 3 1 6 1 . 2 6 3 “ 1 . 5 1 7 9 1 * 2 7 6 5
5 5 3 . 0  77*» - . 0 3 2 0 • 1 “ 3H . 3 2 6 9 • 5 2 1 6 . 7 3 3 2 - 9 6 8 2 1 * 2 3 0 1 * 5 6 1 2 1 . 5 9 0 7 1 . 0 * 3 3
F i r s t b i r t h  F u n c t i o n  w i t h  L a t e  P e a k ,  1 7 j  Y e a r  R a n g e




MEAN ACE AT 
BIRTH OF ELDEST 
SURVIVING CHILDREN
1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 “ 2 5 2 6
1 0 . 8 1 7 “ . 2 9 2 5 .  3 “ 5  9 . 3 9 1 5 •  “ 3 0 “ • “ 6 “ 0 . “ 9 3 9 •  5 2 1 8 •  5 “ 9 7 . 5 7 8 7 •  6 T 9 7
1 5 . 9 0 5 0 . 2 0 8 8 . 2 7 6 9 . 3 3 6 9 •  3 9 5 8 •  “ “ 6 9 • “ 9 9 6 •  S “ 9 6 •  6 0 0 3 •  6 5 2 “
•  7 ' . 6 8
2 0 1 . 0 J S H . 0 9 3 6 . 1 8 5 1 . 2 7 1 7 •  3 5 “ 0 . “ 3 3 3 . 5 1 0 8 •  5 8 7 5 •  6 6 “ 3 .  7 “ 2 0
•  8 2 0 7
2 5 1 . 1 7 7 “ - . 0 1 2 6 . 0 8 « “ • 2 0 “ 2 . 3 1 5 6 •  “ 2 3 5 •  5 2 8 6 •  6 3 2 0
. 7 3 “ “ •  8 3 6 2 •  9 i  7 8
3 0 1 . 3 3 0  r - .  1 “ 5 1 . 0 0 0 8 .  1 “ “ 8 •  2 8 3 “ •  “ 1 7 6 •  5 “ R 1 •  6 7 5 8 •  8 0 1 3
•  9 2 5 “ 1 . 0 * 8 3
3 5 1 . 5 0 9 “ - . 2 0 5 5 - . 0 3 3 3 . 1 3 2 3 . 2 9 2 1 . “ “ 7 3 . 6 9 0 2 •  7 “ 6 2 •  8 9 2 0 1 . 0 3 6 5
1 * 1 * 9 5
“ 0 1 . 7 3 2 9 - . 2 “ “ 3 - . 0 5 6 7 .  1 2 “ 5 •  3 0 0 3 •  “ 7 1 9 • 6 “ 0 “ •  6 0 7 “
•  9 7 “  1 1 •  1 “  1 9 1 . 3 1 2 “
“ 5 2 . 0 3 3 “ - . 1 9 6 7 - . 0 0 5 2 •  1 6 2 0 •  3 6 6 6 . 5 5 0 0 •  7 3 “  1
•  9 2 0 9 1 . 1 1 2 7 1 . 3 1 1 9 1 . 3 9 3 7
5 0 2 . “ 6 0 5 -  •  1 “ i>7 • 0 “ 2 1 •  2 3 0 0 •  “ 2 0 1 •  6 1 5 1 •  8 1 8 3 1 . 0 3 3 5 1 . 2 6 5 8
1 . 5 2 0 9 1 . 2 7 7 9
5 5 1 . 0 7 7 9 - . 0 3 1 2 • 1 “ ? 2 . 3 2 5 3 . 5 2 0 ? . 7 3 2 2 . 9 6 7 5 1 . 2 3 3 8 1 . 5 “ 0 b 1 . 5 9 0 0
1 . 0 * 2 7
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TABI I A. J. 3. ! imif.l)
F O N C T IO N  L S f IM A T L D  I  *  ( 2 i « \ ) / l ( 2 S )  M T A  "  1 , 0  * ( 2 )  "  8 0 0  A m i A  *  0 . 0 2 2 1  C H O V n iI RATK -  2 . OCX A L L  B IK 1 H  ML AN -  2 7 .1 »  
S t a n d a r d  F i r s t b i r t h  F u n c t i o n  o v e r  1 5  Y e a r  R a n g e
F IR S T  B IR T H  MEAN
CENTRAL ACE 
OI­
RE STON PE NTS
mean act at 
BIRTH OF ELDEST 
SURVIVING CHILDREN
1 / 1H 1 9 2 0 2 1 2 2 2 3 2 * 2 5
1 0 .  o »  / . . .  1 5 9 5 . * 0 2 8 . * 3 8 3 . * « 6 7 9 . * 9 * 0 • 5 1 8 9 • 5 * * 7 . 6 7 2 7
1 5 . 9 & - . 0 .  2 1  *19 •  ¿’ h  S * •  3 * * 9 . 3 9 8 6 •  * * 6 0 •  * 9 b * . 5 * 2 7 . 5 9 1 7 •  6 * 3 3
2 0 1 . 0 3 ' , ^ •  v>*. 7 f* . 1 6 7 . . •  2 / 1 8 . 3 5 1 3 . * 2 / 6 •  5 0 2 * . 5 7 7 2 . 6 5 3 0 •  7 3 0 *
? 5 1 . 1 7 7 * . -  .  '  t 5 2 .  0 * 4 , 5 •  1 9 H 8 . 3 0 8 2 . * 1 * 0 . 5 1 7 6 • 6 1 9 8 . 7 2 1 7 •  8 2 3 6
3 0 ) . 3 3 3 7 -  .  0  C 6  7 • 1 3  6 3 . 2 7 3 8 •  * 0 6 6 •  5 3 6 1 •  6 6 3 1 . 7 8 8 6 •  9 1 3 0
3 5 1 . i 0 9 h -  •  0 * 2 7 . 1 2 2 3 . 2 8 1 5 . * 3 5 9 •  6 8 6 5 •  7 3 * * •  8 8 0 3 1 . 0 2 5 0
AO 1 . 7 3 2 9 - . , > 5 3 1 - . 0 6 5 0 • 1 1 6 5 . 2 9 2 2 • * 6 3 5 •  6 3 1 8 . 7 9 8 6 . 9 6 5 * 1 . 1 3 3 5
* 5 2 . 3 1 1 - . - . 2 0 0 1 - • 0 0 8 8 •  1 7 8 1 . 3 6 2 3 . 5 * 5 7 . 7 2 9 9 •  9 1 6 8 1 . 1 0 8 5 1 . 3 0 7 5
5 0 2 * * 6 0 5 - .  1 * * 0 •  0 * .  * 6 •  2 3 3 2 . * 2 3 9 •  6 1 9 1 •  8 2 2 3
1 . 0 3 7 6 1 . 2 6 9 9 1 . 6 2 5 *
5 5 3 . 0 7 7 9 - . 0 2 0 9 .  1 5 * 5 . 3 3 7 3 . 5 3 2 1 . 7 * * 1
. 9 7 9 9 1 . 2 * 7 * 1 . 5 5 6 1 1 . 6 0 8 0
S t a n d a r d  F i r s t b i r t h  F u n c t i o n o v e r  2 0 Y e a r  R a n g e
F IR S T  B IR T H MEAN
CENT FAX. AGE 
OF
RESPONDENTS
MEAN AGE AT 
BIRTH OK ELDEST 
SURVIVING CHILDREN
1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 * 2 5
1 0 . 8 1 7 *
. 2 8 3 3 . 3 3 9 5 •  3 8 8 2 . * 3 0 ? •  * 6 6 6 •  * 9 8 * . 5 2 7 8 •  5 5 6 3 . 6 8 5 7
1 5 . 9 0 5 0 . 2 0 * 7 . 2 7 5 6
•  3 * 0 6 •  * 0 0 2 •  * 5 5 8 •  5 0 8 3 . 5 5 9 3 . 6 1 0 5 •  6 6 2 9
2 0 1 . 0 3 5 8 . 0 9 5 7 •  1 8 9 7
. 2 7 8 7 . 3 6 3 3 * * * * * •  5 2 3 0 . 6 0 0 3 . 6 7 7 2 . 7 5 * 7
2 5 1 . 1 7 7 * - . 0 2 * 6 . 0 9 7 9 . 2 1 5 2
•  3 2 8 0 •  * 3 6 9 •  5 * 2 6 . 6 * 6 1 . 7 * 8 2 . 8 * 9 7
3 0 1 . 3 3 0 7 - . 1 3 6 0
•  0 1 2 9 •  1 5 7 8 . 2 9 7 1 •  * 3 1 b . 5 6 2 3 . 6 8 9 8 •  8 1 5 0 •  9 3 8 6
3 5 1 . 5 0 9 *
- . 1 9 3 1 - . 0 2 0 6 •  1 * 5 1 . 3 0 5 0 . * 5 9 9 •  6 1 0 6 . 7 5 8 2
•  9 0 3 6 1 . 0 * 7 7
* 0 1 . 7 3 2 9 - . 2 3 5 * - . 0 * * 2
. 1 3 2 9 . 3 0 8 7 •  * 8 0 1 . 6 * 8 5 •  8 1 5 1 . 9 8 1 5 1 . 1 * 9 1
* 5 2 . 0 1 3 * - . 1 * 3 * - . 0 0 2 1
•  1 8 * 8 . 3 6 8 9 . 5 5 1 9 . 7 3 5 7 . 9 2 2 3 1 . 1 1 3 9 1 . 3 1 3 2
5 0 2 . * 6 0 5 - .  1 -» 1 6 . 0 3 6 3
. 2 2 2 7 . * 1 2 7 •  6 0 7 6 •  8 1 0 7 1 . 0 2 5 7 1 . 2 5 7 * 1 . 5 1 1 *
5 5 3 . 0 7 7 9 - . 0 * 6 5
•  1 2 9 * •  3 1 2 9 . 5 0 7 9 . 7 1 9 5 •  9 6 * 0 1 . 2 1 9 0 1 . 5 2 * 0
1 . 5 7 1 1
26
•  6 0 1 *  
•  6 9 7 5  
. 3 0 9 3
. 9 2 5 5  
1 . 0 3 6 *  
1 . 1 6 9 1  
1 •  3 0 < * 2  
1 . 3 8 8 5  
1 . 2 8 3 5  
1 . 1 0 3 9
2 6
. 6 1 6 6
. 7 1 7 2
•  8 3 3 2
•  9 5 0 6  
1 . 0 6 1 2  
1 . 1 9 1 3  
1 . 3 1 9 6  
1 . 3 9 5 * .  
1 . 2 6 6 5  
1 . 0 6 0 5
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1 AHI F A. 3. 3. : iim.'.l)
m u t u o *  i i t i i t M t n  i  i ( 2 5 , s l
/ l < 2 » B U T A  -  1 . 0 i < 2 )  -  . * ) A L T H A  -  0 . 0 2 2 1
H ig h  f e r t i l i t y M o d e l .  B i r t h  I n t e r v a l  - 2 . 2  y e u r a G r o w t h  R o te •  2 . 7 2 Z  A l l B i r t h  M e a n  - 2 6 . 1 8




WAN ACF AT 
H I KIM  OF E I .r tS T  
Sl'RV IV  INC t ' l  11.1)KEN
1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 6 2 5 ¿ 6
I O •  6 7 7 9 •  2 8 1 6 •  3  J  7 1 . 3 8 6 3 •  6 2 3 8 •  6 5 6 5 •  6 8 6 8 •  5 1 0 8 •  5 3 6 9 . 6 6 6 5 •  5 9 6 1
1 5 •  7 * *  7 4 •  1 8 9 6 . 2 5 9 5 •  3 2 2 6 •  3 7 9 8 •  6 3 1 9 . 6 8 1  1 . 5 2 9 3 •  5 7 8 3 . 6 2 9 5 . 6 6 3 3
2 0 . 8 5 6 7 •  0 6 1 6 . 1 5 6 7 . 2 6 2 3 . 3 2 5 0 •  6 0 3 6 . 6 7 9 9 . 5 5 5 2 •  6 3 1 0 •  7 0 8 1 •  7 6 6 )
2 5 . 9 7 6 6 - . 0 8 0 B . 0 6 ? 0 •  1 5 9 1 . 2 7 1 1 . 3 7 8 7 •  6 8 3 6 . 5 8 6 2 . 6 8 8 1 •  7 8 9 9 . 8 9 1 )
3 0 1 . 1 0 5 7 - . 2 1 6 5 -  .  0 6 < *  1 . 0 8 1 9 . 2 2 1 9 . 3 5 6 6 . 6 8 7 2 •  6 1 6 8 •  7 6 0 3 •  8 6 6 6
•  9 8 7 *
3 5 1 . 2 5 6 6 - . 2 9 2 7 - . 1 1 7 « . 0 6 9 9 . 2 1 1 1 •  3 6 6 8 •  5 1 8 1 . 6 6 6 0 •  8 1 1 5 . 9 5 5 2
1 . 0 9 8 )
< •0 1 . 6 3 0 7 - . 3 5 5 9 - . 1 6 5 3 . 0 1 8 3 . 1 9 5 6 . 3 6 7 6
. 5 3 5 7 •  7 0 1 2 •  8 6 5 6 1 . 0 3 0 3 1 . 1 9 6 1
6 5 1 . 6 8 2 5 - . 3 3 1 9 - . 1 3 8 8 . 0 6 8 7 . 2 3 2 1 •  6 1 3 0 . 5 9 3 3
. 7 7 6 6 •  9 5 9 1 1 . 1 6 8 7 1 . 3 6 5 3
5 0 2 . 0 2 3 5 - . 3 1 0 0 - . 1 2 3 7 •  0 6 0 9 . 2 6 5 3 •  6 3 2 0
•  6 2 3 0 . 8 2 1 8 1 . 0 3 2 3 1 . 2 5 9 6 1 . 5 0 9 )
5 5 2 . 5 1 0 7 - . 2 2 3 8 - . 0 5 6 1 . 1 1 6 7 . 2 9 1 7 . 6 7 9 3
•  6 8 2 6 •  9 0 7 5 1 . 1 6 1 2 1 * 6 5 2 5 1 . 7 9 2 3
Low F e r t i l i t y  M o d e l .  B i r t h I n t e r v a l  ■ 3 . 0  y e a r s G r o w t h  R a te -  1 .4 3 %  A l l B i r t h  M e a n  -  2 7 . 3 6




KEAN ACE AT 1 7 
BIRTH OF ELDEST 
SURVIVING CHILDREN
1 8 1 9 2 0 2 1 2 2 2 3 2 6 2 5 2 6
1 0 . 9 2 6 2 . 3 0 5 7 . 3 5 8 0
. 6 0 2 7 • 6 6 1 0 •  6 7 6 2 • 5 0 6 1 . 5 3 2 1 . 5 6 0 3 . 5 8 9 6 . 6 2 1 )
1 5 1 . 0 2 8 6 •  2 2 8 1 . 2 9 5 3 • 3 5 6 6 . 6 1 3 1
. 6 6 6 0 • 5 1 6 7 • 5 6 7 0 . 6 1 7 9 • 6 7 0 5 . 7 2 5 2
2 0 1 . 1 7 5 5 • 1 2 2 2 •  2 1 2 9 . 2 9 8 8 • 3 8 0 7
. 6 5 9 9 . 5 3 7 3 •  6 1 6 1 . 6 9 1 1 • 7 6 8 9 • 8 6 7 *
2 5 1 . 3 3 1 9 •  0 0 8 6 . 1 2 8 2
. 2 6 2 9 . 3 5 3 5 • 6 6 0 8 . 5 6 5 5 . 6 6 0 6 . 7 7 0 7 • 8 7 2 6 . 9 7 3 3
3 0 1 . 5 0 1 6 - . 0 9 6 0 . 0 5 6 2
. 1 9 6 5 . 3 3 3 8 . 6 6 6 9 . 5 9 6 6 . 7 2 3 7 • 6 6 8 8 . 9 7 2 6 1 . 0 9 5 *
3 5 1 . 7 0 0 3 - . 1 3 6 0 . 0 3 3 9
. 1 9 7 7 . 3 5 6 0 . 5 0 9 8 • 6 5 9 9 . 8 0 7 3 . 9 5 3 0 1 . 0 9 7 7 1 • 2 2 3 *
6 0 1 . 9 . 9 7 - . 1 5 9 5 . 0 2 5 7
• 2 0 5 0 . 3 7 9 5 • 5 5 0 3 . 7 1 8 7 . 8 8 6 2 1 . 0 5 6 1 1 . 2 2 3 9 1 . 2 6 2 5
6 5 2 . 2 8 5 5 - . 0 9 9 1 . 0 9 1 0
. 2 7 7 7 •  6 6 2 6 . 6 6 7 3 . 8 3 3 9 1 . 0 2 6 2 1 . 2 2 0 9 1 . 6 2 6 8 1 . 2 6 2 3
5 0 2 . 7 5 7 1 - . 0 3 6 1
. 1 5 2 6 . 3 6  2 2 •  5 3 5 8 . 7 3 6 2 . 9 6 6 8 1 . 1 7 2 1 1 . 6 1 7 5 1 . 5 8 7 6
9®O
5 5 3 . 6 2 3 6 . 0 7 9 9
. 2 6 0 7 . 6 5 1 9 •  6 5 8 1 • 8 8 5 0  1l .  1 3 9 8 1 . 6 3 1 0 1 . 7 6 9 8 1 . 2 0 3 1 1 . 1 0 1 3
198
1 Aiij.i. A. 3.1. ! (t’ontIniN'd)
F U N C T IO N  E S T IM A T E D  : 1 ( 2 0 * N ) / l ( ? 0 )  M T A  "  l > 0
i < 2 ,  -  * x > Alpha -  0 .4 057 Growth R a te  -  1 . 1 5 X M e a n  A f .n  n c B i r t h  o f o i l  C h i l d r e n  - 2 7 . 3 3




M  A'.' A ni: AT 
MU III 01 1 IDE ST 
SURVIVING CHILDREN
1 1 1 8 1 * 2 0 2 1 2 2 2 3 2 4 2 5 2 t
1 0 1 , h 7 9 ( . . 4  3 0 8 . 4 7 6 3 . 5 0 7 1 • 5 3 2 4 . 5 5 3 9 • 5 7 3 6 . 5 9 3 4 •  6 1 4 8 •  6 3 8 7 . 6 6 5 4
i s 1 . M 5 7 S .  S O Q  7 .  b 4 H t> •  5 9 1 4 •  6 3 0 4 . 6 6 7 2 . 7 0 3 9 . 7 4 1 7 •  7 8 2 1 •  8 2 5 4 •  4 5 6 6
2 0 ? . < V > 1 « . 5 7 * 3 •  6 4  3 4 .  7 0 1 9 . 7 6 1 0 • 8 1 8 8 . 8 7 6 1 . 9 3 5 1 . 9 9 6 3 1 . 0 6 0 1 1 . C 4 7 1
2 5 ? .  *3S0 . 6 7  h< i . 7 6 0 1 • 6 4 1 0 . 9 2 0 1 . 9 9 8 6 1 . 0 7 7 5 1 . 1 5 7 8 1 . 2 4 0 1 1 . 3 2 4 7 1 . 1 9 6 5
3 0 ? . 5 9 1 f e •  7 8 7 1 . 8 * 1 5 . 9 9 3 6 1 . 0 9 4 4 1 . 1 9 5 0 1 . 2 9 6 5 1 . 3 9 9 6 1 . 5 0 5 2 1 . 6 1 3 4 1 . 2 6 8 1
3 5 ? . B 8 1 * • > 3 0 7 0 1 . 0 3 2 5 1 . 1 5 6 9 1 . 2 8 1 1 1 . 4 0 6 5 1 . 5 3 4 1 1 . 6 6 5 0 1 . 8 0 0 3 1 . 7 8 6 9 1 . 3 3 9 6
4 0 1 . 2 2 7 4  1i . 0 6 8 5 1 . 2 1 7 2 1 . 3 6 7 3 1 . 5 2 0 5 1 . 6 7 8 6 1 . 8 4 3 2 2 . 0 1 6 4 2 . 1 9 9 8 1 . 7 9 7 0 1 . 4 4 2 6
4 5 1 . 6 5 5 3  11 . 2 4 8 3 1 . 4 2 8 6 1 . 6 1 6 0 1 . 8 1 3 3 2 . 0 2 3 0 2 . 2 4 8 4 2 . 4 9 3 5 2 . 7 6 2 7 1 . 4 7 9 6 1 . 5 2 7 ?
so 4 . 1 8 6 3  1I . S 2 M 1 • 7 5 8 0 2 . 0 1 0 0 2 . 2 8 7 9 2 . 5 9 8 8 2 . 9 5 1 3 3 . 3 5 6 2 2 ^ 5 0 3 8 1 . 5 6 0 4 1 . 3 3 6 7
5 5 4 . 8 2 ? 3  11 . 8 5 2 0 2 . 1 6 0 0 2 . 5 5 7 6 2 . 9 9 7 6 3 . 5 1 6 4 4 . 1 3 4 5 4 . 2 5 3 1 1 . 5 4 0 1 1 . 6 4 9 3 . 4 4 3 9
* ( 2 )  * 700 Alpha -  0 .2 916 Growth Rate -  1.35% Mean Afte a t  B i r t h  o f





Ml AN ACL AT 
BIRiH OF ELDEST 
SURVIVING CHILDREN
1 7 18 19 20 21 2 2 2 3 24 2 5 2 6
10 1 . 3 6 7 6 • 41 9 1 . 4 6 1 7 . 4 9 7 2 . 5 2 6 4 • 5 5 1 0 . 5 7 2 9 . 5 9 4 1 • 6 1 6 3 . 6 4 0 7
•  6 * 7 8
15 1 . 5 1 5 2 . 4 7 0 2 . 5 2 3 5 . 5 7 1 1 . 6 1 4 1 • 6 5 4 1 . 6 9 2 9 . 7 3 2 3 . 7 7 3 4
. 8 1 7 ? •  € * 3 9
20 1 . 7 1 7 « . 5 3 3 7 . 6 0 3 2 • 6 6 8 3 . 7 3 0 1 . 7 9 0 1 . 8 4 9 5 . 9 0 9 7 . 9 7 1 7 1 . 0 3 5 9
1 . 0 7 7 4
25 1 . 9 3 1 5 .  61 ? 3 • 7 0 1 4 . 7 8 6 8 . 8 6 9 3 . 9 5 0 2 1 . 0 3 0 7 1 . 1 1 1 9 1 . 1 9 4 5 1 . 2 7 6 « 1 . 2 7 7 6
30 ? . 1S99 . 7 0 1 7 • H i l l . 9 1 7 1 1 . 0 2 0 6 1 . 1 2 3 0 1 . 2 2 5 1 1 . 3 2 7 9 1 . 4 3 2 3 1 . 5 3 8 *
1 .«-»8 6
35 2 . 4 2 1 ? . 7 1 8 1 . 9 2 7 4 1 . 0 5 4 2 1 . 1 7 9 7 1 . 3 0 4 9 1 . 4 3 1 0 1 . 5 5 9 0 1 . 6 8 9 9
1 . 8 2 4 9 1 . 5 1 2 4
40 2 . 7 3 9 « . 9 3 4 7 1 . 0 8 4 3 1 . 2 3 3 7 1 . 3 8 4 3 1 . 5 3 7 7 1 . 6 9 5 6 1 . 8 5 9 8
2 . 0 3 1 8 2 . 1 6 6 ? l .« * 4 3 1
4 5 3 . 1 4 6 6  1 , 0B68 1 . 2 6 3 0 1 , 4 4 4 0 1 . 6 3 2 0 1 . 8 2 9 4 2 . 0 3 9 0 2 . 2 6 4 1 2 . 5 0 8 7 2 . 1 3 9 « 1 . 5 7 9 6
so 3 . 6 7 S 1  1 . 1 2 « ! 1 . 5 4 6 8 1 . 7 8 0 - 1 2 . 0 3 4 1 2 . 3 1 4 2 2 . 6 2 8 1 2 . 9 8 4 2 3 . 3 9 5 0 1 . 6 3 9 9 1 . 7 3 3 7
5 5 4 . 3 4 ? «  1 . 6 2 1 4 1 . 9 1 9 8 2 . 2 5 9 5 2 . 6 5 1 7 3 . 1 1 0 2 3 . 6 5 1 6 4 . 3 0 0 6 2 . 6 4 2 0 1 . 7 3 6 5
1 . 2 3 1 5
199
1 AHI.»* A . J . r (Coni iiiut'J)
FUNCTION FST 1 MATH) : l(:o*N)/l (?0) BETA - 1.0
( 2 )  ■  7S°
A l p h a  -  0 . 1 6 5 9 G r o w t h  R a te • -  1 . 6 2 1 M e a n  A g e  a t B i r t h  o f  n i l C h i l d r e n •  2 7 . 2 7





r i k h i  o r  c u n  st
SURVIVING CHILI)KAN
1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6
1 0 1 . O H O * •  i w r t O .4 4 6 0 . 4 6 6 2 . 5 1 9 6 . 5 4  7 5 . 5 7 1 9 . 5 9 5 0 •  6 1 6 5 •  6 4 3 4 •  6 7 1 6
1 5 I . 1 9 7 4 . 4  3  7 0 ,4 9 6 9 . 5 4 9 6 . 5 9 7 1 . 6 4 0 6 . 6 6 2 3 . 7 2 3 6 •  7 6 6 2 . 6 1 1 0 •  6 5 3 5
? 0 1 . 3 4 4 9 . < • 0  5 ? . 5 6 0 8 •  6 3 1 4 . 6 9 7 0 . 7 6 1 4 . 0 2 3 7 . 0 0 5 9 •  9 4 9 3 1 . 0 1 4 6 1 . 0 - 1 3
2 5 1 . S 4 4 1 . * > < • 4  1 . 6 3 9 5 . 7 3 0 3 . 6 1 7 4 . 9 0 1 9 . 9 8 5 1 1 . 0 6 7 9 1 . 1 5 1 3 1 . 2 3 5 9 1 . 3 2 1 6
3 0 1 . 7 3 7 2 . 6 1 1 7 . 7 2 7 1 •  6 3 8 1 . 9 4 5 6 1 . 0 5 0 6 1 . 1 5 4 3 1 . 2 5 7 7 1 . 3 6 1 4 1 . 4 6 6 ? 1 . 5 6 7 5
3 5 1 . 9 6 0 5 •  6 H 4 3 •  6 1 0 7 . 9 4 9 2 1 . 0 7 6 9 1 . 2 0 2 9 1 . 3 2 0 2 1 . 4 5 4 0 1 . 5 8 1 2 1 . 7 1 0 0 1 . 7 2 7 1
4 0 2 . 2 3 7 3 •  7 * 0 3 •  9 4 S 7 1 . 0 9 5 9 1 . 2 4 5 4 1 . 3 9 5 4 1 . 5 4 7 8 1 . 7 0 4 0 1 . 8 6 5 9 2 . 0 3 4 9 1 . 6 3 ) 3
4 5 2 .6 0 1 6 . 9 1 2 4 1 . 0 6 6 1 1 . 2 6 1 9 1 . 4 4 1 7 1 . 6 2 7 7 1 . 8 2 2 3 2 . 0 2 8 3 2 . 2 4 9 0 2 . 4 8 8 ? 1 * 7 4 * 3
5 0 3 . 0 9 7 1 1 . 1 1 5 3 1 . 3 2 1 0 1 . 5 3 7 7 1 . 7 6 9 2 2 . 0 2 0 4 2 . 2 9 7 7 2 . 6 0 6 3 2 . 9 6 1 4 2 . 6 6 1 0 1 . 7 8 ) 0
5 5 3 . 7 6 5 0 l . 3 5 6 3 1 . 6 2 2 9 1 . 9 2 1 7 2 . 2 6 1 6 2 . 6 5 4 7 3 . 1 1 4 9 3 . 6 6 0 0 4 . 1 9 4 6 1 . 7 9 7 9 1 . 9 6 3 8
i ( l )  -  e o o A l p h a  -  0 . 0 2 2 1  G r o w t h R a t e  -  2 . 0 0 Z M e a n  A g e a t  B i r t h  o f
a l l  C h i l d r e n  - ■ 2 7 . 1 8




KEAN ACE AT 
BIRTH OF ELDEST 
SURVIVING CHILDREN
i  ▼ 1 8 1 9 2 0 2 1 2 2
2 3 2 4 2 5 2 6
1 0 . 8 1 7 4 .  3 7 4 3 . 4 2 7 7 . 4 7 2 9 . 5 1 0 8 . 5 4 2 7 . 5 7 0 3
. 5 9 5 9 •  6 2 1 3 •  6 4 8 1 . 6 7 7 1
1 5 . 9 0 5 0 . 4 0 3 1 . 4 6 0 3 . 5 2 6 6 . 5 7 9 1 . 6 2 6 9
. 6 7 1 9 . 7 1 5 9 •  7 6 0 5 •  8 0 7 0 . 8 5 5 7
? 0 1 . 0 3 5 8 . 4 3 4 7 . 5 1 7 1 •  5 9 3 5 . 6 6 5 2
. 7 3 3 2 . 7 9 8 9 •  8 6 3 8 •  9 2 9 0 . 9 9 5 6 1 . 0 6 3 6
2 5 1 . 1 7 7 4 . 4 7 3 7 . 5 7 6 2 . 6 7 3 2 . 7 6 5 7 •  8 5 4 5 •  9 4 1 0
1 . 0 2 6 2 1 . 1 1 1 2 1 . 1 9 6 4 1 . 2 0 2 2
3 0 1 . 3 3 0 7 •  5 1 H 5 •  6 4 1 1 . 7 5 0 3 . 8 7 0 9 . 9 7 9 6
1 . 0 8 5 8 1 . 1 9 0 4 1 . 2 9 4 2 1 . 3 9 8 0 1 . 5 C 2 0
3 5 1 . 5 0 9 4 . 5 6 5 4 .  7 0 6 8 . 8 4 ? 7 . 9 7 4 1 1 . 1 0 2 2
1 . 2 2 8 0 1 . 3 5 2 6 1 . 4 7 6 8 1 . 6 0 1 7 1 . 7 2 ) 1
4 0 1 . 7 3 2 9 .  6 4 6 R . 8 0 ) 7 . 9 5 6 6 1 . 1 0 6 4
1 . 2 5 4 6 1 . 4 0 2 5 1 . 5 5 1 8 1 . 7 0 4 1 1 . 8 6 0 A 2 . 0 2 3 4
4 5 ? . 0 3 ) 4 •  7 3 0 0 . 9 0 4 4 1 . 0 7 7 3 1 . 2 5 1 0 1 . 4 2 7 5 1 . 6 0 8 8
1 . 7 9 7 2 1 . 9 9 5 5 2 . 2 0 6 4 2 . 2 3 ) 8
5 0 ? . 4 6 0 5 •  4 H 5 8 1 . 0 6 ? 0 1 . 2 4 4 4 1 . 4 9 6 0
1 . 7 2 0 8 1 . 9 6 3 5 2 . 2 3 0 0 2 . 5 2 7 7 2 . 8 6 5 3 2 . 2 5 1 9
5 5 3 . 0 7 7 9 1 • 0 6 0 4 1 . 3 0 6 1 1 . 5 6 6 4 1 . 8 5 6 9
2 . 1 8 6 4 2 . 5 6 6 1 3 . 0 0 9 6 3 . 5 3 4 1 3 . 4 2 6 4 2 . 0 3 ) 7
200
TAPI r  A . 1 . 1 .  I I l V n l  in 'H -.l)
K IN C T IO S  L S I  IM A  1 K I I  !  l ( J l | | S ) / l ( W )  P I T A  -  1 . 0
! ( J )  -  6 * 0 A l p h a  -  - 0 . 1 5 2 1 G r o w t h R u te  ■  2 . 5 5 X M o a n  A g e b e  B i r t h  o f « l i  C h i l d r e n  - 2 7 . 0 6




tr.A N  ACE AT 
BIK1M  OK Ll.I'tST 
SURVIVING C K IIIKK .N
1 1 I H 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6
1 0 . s  77 9 •  3 *  « 6 . 4 0 7 5 •  4 5 7 9 •  5 0 0 6 •  5 3 6 7 . 5 6 8 1 . 5 9 6 6 . 6 2 4 5 . 6 5 3 ? . 6 1 3 8
1 5 , 6 3 8 j •  3 * 5 3 . 4 3 7 0 . 5 0 1 5 •  5 5 9 5 •  6 1 2 3 . 6 6 1 5 . 7 0 9 0 •  7 5 6 4 . 8 0 5 0 . • 5 5 6
2 0 .  73 ¿ » H .  m o w . 4 7 0 4 . 5 5 3 7 •  6 3 1 4 . 7 0 4 7 . 7 7 4 9 •  8 4  3 4 . 9 1 1 5 . 9 8 0 1 1 . 0 * 9 6
2 5 . 4 3 5 : » . 4 0 0 6 . 5 1 1 1 . 6 1 5 4 . 7 1 4 ? •  B 0 8 3 •  8 9 9 0 •  9 8 7 4 1 . 0 7 4 5 1 . 1 6 1 0 1 . 2 * 7 2
3 0 . 4 ? M . 5 5 5 ? •  6 7 9 6 . 7 9 8 2 . 9 1 1 7 1 . 0 2 1 2 1 . 1 2 7 6 1 . 2 3 2 0 1 . 3 3 5 0 1 . 4 3 7 0
3 5 1 . 0 / 8 9 . 4 * 7 0 •  5 9 6 4 . 7 3 8 9 . 8 7 5 4 1 . 0 0 6 7 1 . 1 3 3 8 1 . 2 5 7 8 1 . 3 7 9 5 1 . 4 9 9 9 1 . 6 1 9 8
4 0 1 . ? 4 ? 3 . 4 9 9 4 . 6 6 3 5 •  8 2 1  1 . 9 7 3 3 1 . 1 2 1 2 1 . 2 6 6 2 1 . 4 0 9 8 1 . 5 5 3 3 1 . 6 9 8 2 1 . 8 * 5 9
4 5 1 . 4 6 2 . 7 . 5 4 6 7 . 7 2 4 1 •  8 9 7 2 1 . 0 6 7 7 1 . 2 3 7 2 1 . 4 0 7 6 1 . 5 8 0 7 1 . 7 5 8 9 1 . 9 4 4 7 2 . 1 * 1 0
5 0 1 . 7 8 9 7 •  6 5 1 5 . B 4 ? 6 1 . 0 3 4 8 1 . 2 3 0 5 1 . 4 3 2 6 1 . 6 4 4 9 1 . 8 7 1 9 2 . 1 1 9 1 2 . 3 9 3 4 2 . 7 3 2 6
5 5 2 . 2 9 1 ? . 7 6 3 6 . 9 7 7 7 1 . 2 0 4 8 1 . 4 5 0 6 1 . 7 2 1 8 2 . 0 2 6 6 2 . 3 7 5 1 2 . 7 7 9 3 3 . 2 5 4 7 3 . 1 1 1 6
l < j )  •  9 0 0 A l p h a  -  - 0 . 3 8 3 4
G r o w t h P a t e  -  3 . 1 5 Z M e a n  A g e a t  B i r t h  o f a l l  C h i l d r e n  - 2 6 .9 1




KT.AN ACE AT 
B IK ÎH  o k  l i .l n s t  
SURVIVING CHILDREN
1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6
1 0 . 3 6 3 8 . 3 2 2 5 . 3 8 7 0 . 4 4 2 7 . 4 9 0 3
. 5 3 0 9 •  5 6 6 1 •  5 9 8 0 . 6 2 8 6 . 6 5 9 7 •  6 C2 3
1 5 . 4 0 0 7 .  3 2 7 1 . 4 0 5 6 •  4 7 6 4 . 5 4 0 3 . 5 9 8 5
•  6 5 2 4 . 7 0 3 9 . 7 5 4 6 •  8 0 6 0 •  8 5 3 8
2 0 . 4 6 1 0 . 3 2 6 5 . 4 2 4 0 . 5 1 4 6 . 5 9 9 1 . 6 7 8 3 . 7 5 3 6
•  8 2 6 4 . 8 9 7 9 . 9 6 9 1 1 . 0 0 4
? 5 . 5 2 7 3 . 3 2 7 2 . 4 4 6 7 . 5 5 9 2 . 6 6 5 3 . 7 6 5 7
•  8 6 1 5 . 9 5 3 8 1 . 0 4 3 7 1 . 1 3 1 8 1 . 2 1 3 5
3 0 . 5 9 9 4 . 3 2 9 7 . 4 7 0 9
•  6 0 4 1 •  7 3 0 0 •  8 4 9 4 . 9 6 3 1 1 . 0 7 2 3 1 . 1 7 7 8 1 . 2 8 0 2 1 . 3 5 3 1
3 5 . 6 8 3 3 . 3 3 0 7 . 4 9 0 7 . 6 4 1 9 . 7 8 4 9
. 9 2 0 7 1 . 0 5 0 ? 1 . 1 7 4 2 1 . 2 9 3 7 1 . 4 0 9 6 1 . 5 2 2 6
4 0 .  7 8 7 7 .  3 S 9 * . 5 3 3 5 •  6 9 8 4 . 8 5 4 9
1 . 0 0 4 1 1 . 1 4 7 3 1 . 2 8 5 6 1 . 4 2 0 6 1 . 5 5 3 6 1 . 6 6  5 7
4 5 . 9 2 9 1 . 3 7 5 3 . 5 6 0 7 . 7 3 7 9
. 9 0 8 1 1 . 0 7 3 0 1 . 2 3 4 2 1 . 3 9 3 4 1 . 5 5 2 4 1 •  7  1 3 5 1 . 8 7 3 9
5 0 l  . 1 3 7 4 . 4  3 3 8 . 6 2 6 9 •  8 1 5 3 1 . 0 0 1 0
1 . 1 8 6 4 1 . 3 7 4 4 1 . 5 6 8 4 1 . 7 7 2 6 1 . 9 9 2 1 2 . 2 3 2 8
S S 1 . 4 6 9 6 . 4 7 2 6 . 6 7 4 « •  8 8 0 ? 1 . 0 9 3 0
1 . 3 1 8 4 1 . 5 6 2 5 1 . 8 3 2 3 2 . 1 3 6 2 2 . 4 8 4 ? 2 . 8 6 3 9
201
TAMS. A. 3.1. ! (Contlu.u'J)
t  U N C I IO N  IS 1 IK A 1 F .D  :  l ( : o < N ) / l ( j o )  I 'K T A  -  1 . 3
1 (2 )  *  <S0 Alpha -  0 .6 20 2 Growth





MEAN ACE AT 
» l m i  OF ELDEST 
SURVIVING CHII.DKEN
1 1 18 19 20 21 2 2 2 3 2 4 25 2 6
10 | . 8 6 6 8 • 4 4 0 5 . 4 8 8 4 . 5 2 0 9 •  5 4 8 3 •  5 7 2 1 . 5 9 4 5 • 6 1 7 1 • 6 4 1 2 • 6 6 7 7 . 6 9 6 3
1 5 2 .  1 2 5 3 . 5 2  15 . 5 7 3 5 • 6 1 8 9 . 6 6 1 0 •  7 0 1 3 . 7 4 1 7 . 7 8 3 4 . 8 2 7 5 . 8 7 4 4 • 8 8 5 9
20 2 . 4 6 3 4 . 6 2 4 6 . 6 0 1 3 • 7 5 5 0 • 8 1 6 0 . 8 7 8 3 • 9 4 0 6 1 . 0 0 4 7 1 . 0 7 1 4 1 . 1 4 0 O 1 . 0 4 C 9
2 5 2  .  8  13 6 . 7 5 5 1 . 8 4 1 8 . 9 2 6 6 1 . 0 1 0 7 1 . 0 0 5 3 1 . 1 8 1 5 1 . 2 7 0 2 1 . 3 6 1 9 1 . 4 2 9 7 1 . 1 2 C 0
30 3 . 1 8 0 9 . 0 0 0 1 1 . 0 1 8 3 1 . 1 2 7 0 1 . 2 3 6 6 1 . 3 4 8 2 1 . 4 6 2 9 1 . 5 8 1 8 1 . 7 0 5 7 1 . 5 3 9 0 1 . 2 3 4 8
35 3 . 5 8 7 4  1 . 0 8 2 7 1 . 2 1 7 9 1 . 3 5 5 4 1 . 4 9 6 8 1 . 6 4 3 6 1 . 7 9 7 3 1 . 9 5 9 7 2 . 1 3 2 7 1 . 4 3 7 7 1 . 3 2 5 2
«•0 4 . 0 5 2 6  1 .  31.36 1 . 4 8 3 5 1 . 6 6 1 7 1 . 8 5 0 5 2 . 0 5 3 0 2 . 2 7 2 2 2 . 5 1 1 7 2 . 2 8 6 8 1 . 3 6 8 3 1 . 3 3 2 7
4 5 4 . 5 8 7 4  1 . 5 7 0 4 1 . 8 0 4 0 2 . 0 4 8 7 2 . 3 1 8 2 2 . 6 1 8 6 2 . 9 5 7 3 3 . 3 4 3 9 1 . 7 0 7 5 1 . 4 1 6 6 •  6 7 5 1
50 5 . 1 7 0 0  l . 0 7 0 7 2 . 2 9 3 3 2 . 6 6 4 1 3 . 0 0 6 9 3 . 6 0 9 3 4 . 2 2 4 1 3 . 2 3 1 3 1 . 4 1 4 6 1 . 2 5 3 0 •  2 6 4  1
5 5 5 . 7 8 2 4  2‘ . 4 0 5 1 2 . 9 0 5 3 3 . 5 1 6 3 4 . 2 7 1 8 5 . 2 1 7 0 6 . 2 0 5 5 1 . 3 5 9 0 1 . 4 2 7 6 • 6 3 0 1 . 3 5 4 7





MEAN’ ACE AT 
BIRTH OF ELM ST 
SURVIVING CHILDREN
17 18 19 20 21 2 2 23 2 4 25 2 6
10 . 0 1 0 3 .  37 6 4 . 4 3 4 1 • 4H3R . 5 2 6 4 • 5 6 3 0 . 5 9 5 5 . 6 2 5 8 •  6 5 5 8
. 6 8 6 8 . 7 1 5 6
15 1 . 0 4 1 0 • 4 1 0 0 . 4 6 1 7 . 5 4 5 9 • 6 0 4 3 • 6 5 8 0 . 7 0 8 9 . 7 5 8 5 •  8 0 8 6
• 8 6 0 0 •  9 1 3 3
20 1 . 2 3 0 7 . 4 5 7 6 . 5 4 5 6 • 62 8 1 . 7 0 5 8 . 7 8 0 1 . 8 5 2 0 . 9 2 3 2 . 9 9 4 7
1 . 0 6 7 1 1 . 1 4 1 3
25 1 . 4 6 0 4 . 5 2 0 0 . 6 2 8 2 . 7 3 0 6 •  6 2 8 9 . 9 2 4 1 1 . 0 1 7 5 1 . 1 1 0 1 1 . 2 0 2 9
1 . 2 9 6 7 1 . 3 9 1 5
30 1 . 7 0 6 3 . 5 0 8 5 • 72 S 0 • 84 72 . 0 6 6 1 1 . 0 8 2 7 1 . 1 9 8 2 1 . 3 1 3 9
1 . 4 3 0 6 1 . 5 4 9 3 1 . 6 7 C 6
35 1 . 0 0 0 4 . 6 8 7 6 . 8 3 2 6 . 9 7 5 0 1 . 1 1 5 8 1 . 2 5 6 2 1 . 3 9 7 7 1 . 5 4 1 8 1 . 6 8 0 8
1 . 8 4 3 3 1 . 9 4 5 7
40 2 . 3 7 3 2 . 8 2 2 5 . 0 8 7 4 1 . 1 5 3 2 1 . 3 2 1 4 1 . 4 9 4 2 1 . 6 7 3 8 1 . 6 6 2 9
2 . 0 6 4 3 2 . 2 8 0 7 2 . 0 4 6 ?
4 5 2 . 8 7 1 1 . 0 8 0 6 1 . 1 7 3 3 1 . 3 7 4 4 1 . 5 9 6 0 1 . 8 1 4 4 2 . 0 6 1 1 2 . 3 3 2 1
2 . 6 3 3 7 2 . 9 7 4 1 1 . 7 6 1 5
50 3 . 5 3 5 9 1 . 2 4 8 0 1 . 4 9 3 3 1 . 7 6 2 6 2 . 0 6 4 1 2 . 4 0 7 6 2 . 8 0 5 6 3 . 2 7 4 4
3 . 8 3 4 9 2 . 6 3 9 5 1 . 9 1  71
5 5 4 • 3 6 6 1 1 . 5 8 0 2 1 . 9 3 1 9 2 . 3 4 0 8 2 . 8 5 4 3 3 . 4 7 2 2 4 . 2 3 9 0 5 . 2 0 2 7
3 . 0 6 4 1 1 . 9 0 7 9 1 . 3 4 3 1
202
TAN K A. 1. V : (Uwi i mu'll)
r V S lT IO N  E S T IM A T E D  l  1 ( 2 0 * > l ) / l ( 3 0 )  B t T A  *
1 ( 2 )  -  9 0 0 A l p h a  •  - 0 . 1 6 8 9  G r o w th R a te  -  3 . 0 0 2 M e a n  A g e a t  B i r t h  o f a l l  C h i l d r e n  ■ 2 6 .8 3




MrAN ACE AT 
BIRTH OF ELDEST 
SURVIVING CHILDREN
1 7 1 8 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6
1 0 •  4 0 5 6 . 3 1 4 9 •  3 8 6 6 •  4 4 9 6 . 5 0 4 7 •  5 5 2 8 . 5 9 5 4 •  6 3 4 5 •  6 7 1 9 •  7 0 9 2 •  7 4 7 5
I S . 4 6 0 7 •  3 1 8 8 . 4 0 6 7 •  4 8 6 9 •  5 6 0 1 •  6 2 7 4 . 6 9 0 2 •  7 5 0 0 •  0 O 8 S •  8 6 6 7 •  9 2 5 6
20 . S 5 2 6 .  V 5 1 . 4 3 2 6 •  5 3 3 0 •  6 2 7 0 . 7 1 5 4 . 7 9 9 5 . 8 8 0 5 . 9 5 9 5 1 . 0 3 7 6 1 * 1 1 5 1
2 5 . 6 5 8 e. •  1 1 9 4 . 4 6 7 8 •  5 8 9 0 •  7 0 1 6 •  8 1 2 3 . 9 1 6 1 1 . 0 1 6 3 1 . 1 1 3 8 1 . 2 0 9 4 1 . 3 C 3 6
3 0 . 7 7 7 7 . 3 6 0 3 . 5 0 8 0 •  6 4 8 1 •  7 8 1 2 •  9 0 8 1 1 . 0 3 0 0 1 . 1 4 8 0 1 . 2 6 3 1 1 . 3 7 6 1 1 . 4 8 7 8
3 5 . 9 ? ? 4 . 1 8 3 0 . 5 4 6 9 •  7 0 3 2 •  8 6 2 9 •  9 9 7 0 1 . 1 3 6 8 1 . 2 7 3 3 1 . 4 0 7 9 1 . 5 4 1 * 1 . 6 7 6 3
4 0 1 . 1 1 1 5 . 4 3 6 2 . 6 1 2 2 •  7 8 2 1 •  9 4 7 2 1 . 1 0 8 9 1 . 2 6 9 0 1 . 4 2 9 6 1 . 5 9 2 6 1 * 7 6 0 1
1 . 9 3 6 9
4 5 1 . 3 6 3 5 •  < • 8 4 3 . 6 7 1 4 •  8 5 6 5 1 . 0 4 1 8 1 . 2 2 9 5 1 . 4 2 2 5 1 . 6 2 3 8 1 . 8 3 6 6 2 . 0 6 5 4
2 . 3 1 5 1
5 0 1 . 8 0 5 7 . 5 9 8 8 . 8 0 0 1 1 . 0 0 8 1 1 . 2 2 6 4 1 . 4 5 9 8 1 . 7 1 4 0 1 . 9 9 6 7 2 . 3 1 7 7 2 . 6 8 9 4
3 . 1 2 7 7
5 5 2 . 4 8 6 5 . 7 4 1 3 . 9 7 3 4 1 . 2 3 1 3 1 . 5 2 4 5 1 . 8 6 5 6 2 . 2 7 0 2 2 . 7 5 8 9
3 . 3 5 8 4 4 . 1 0 4 6 3 . 9 5 7 3
BE TA -  0 . 8
1 ( 2 )  "  6 5 0  A l p h a  -  0 . 2 6 2 6  G r o w th  R a te  ■  1 . 4 2 Z  M e a n  A g e  a t  B i r t h  o f  a l l  C h i l d r e n  •  2 7 . 3 8




MEAN AGF. AT 
BIRTH OF ELDEST 
SURVIVING CHILDREN
1 7 1 8 1 9 2 0 2 1 2 2 2 3
2 4 2 5 2 6
1 0 1 . 5 6 4 9 . 4 3 1 7 . 4 6 7 5 •  4 9 6 3 . 5 1 9 4
•  5 3 8 4 . 5 5 5 4 . 5 7 2 5 . 5 9 1 2 •  6 1 2 5 •  6 3 6 9
1 5 1 . 6 9 6 0 . 4 8 4 4 . 5 3 1 7 . 5 7 1 5 •  6 0 7 4 •  6 4 1 0 •  6 7 4 1
. 7 0 0 5 . 7 4 5 4 •  7 8 5 5 •  8 ¿ - * 0
2 0 1 . 8 6 9 2 . 6 5 1 4 . 6 1 2 5 . 6 6 9 6 . 7 2 4 0 . 7 7 7 0
. 8 3 0 3 . 8 8 5 1 . 9 4 2 3 1 . 0 0 2 1 1 . 0 2 6 0
2 5 2 . 0 4 7 ? . 6 2 6 7 . 7 0 9 4 . 7 8 6 7 . 8 6 1 7 . 9 3 5 6 1 . 0 0 9 5
1 . 0 8 4 5 1 . 1 6 1 1 1 . 2 3 9 6 1 . 2 C 1 9
3 0 2 . 2 3 3 M . 7 1 2 8 . 8 1 3 9 •  9 1 1 9 1 . 0 0 7 6 1 . 1 0 1 9 1 . 1 9 6 2
1 . 2 9 1 0 1 . 3 8 7 1 1 . 4 8 4 5 1 . 3 4 6 7
3 5 2 . 4 4 4 1 .  7 9 9 ? . 9 2 0 1 1 . 0 3 8 1 1 . 1 5 4 ? 1 . 2 6 9 3
1 . 3 8 4 5 1 . 5 0 0 5 1 . 6 1 8 ? 1 . 7 3 8 ? 1 . 4 1 1 0
4 0 2 . 6 9 6 1 . 9 1 8 ? 1 . 0 5 7 9 1 . 1 9 6 0 1 . 3 3 3 4 1 . 4 7 1 6
1 . 6 1 1 8 1 . 7 5 5 3 1 . 9 0 3 3 1 . 9 9 7 9 1 . 4 3 * 1
4 5 3 . 0 1 4 6 1 . 0 4 3 3 1 . 2 0 5 ? 1 . 3 6 8 3 1 . 5 3 4 4 1 . 7 0 5 1
1 . 8 8 2 2 2 . 0 6 7 9 2 . 2 6 4 6 2 . 0 3 5 0 1 . 5 2 3 0
5 0 3 . 4 3 0 0 1 . 2 4 1 1 1 . 4 3 3 ? 1 . 6 3 3 4 1 . 0 4 4 5
2 . 0 7 0 4 2 . 3 1 5 3 2 . 5 0 6 5 2 . 8 8 4 0 1 . 8 3 3 1 1 . 6 5 1 3
5 5 3 . 9 7 2 9 1 . 4 6 8 ? 1 . 7 1 3 8 1 . 9 8 2 8 2 . 2 0 1 6 2 . 6 1 7 3
2 . 9 9 0 9 3 . 4 3 7 4 2 . 9 9 7 3 1 . 6 6 0 0 1 . 7 ( 2 6
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TAHI.C A . 3 .  3 .  : ( C o n t i n u e d )
n m c t v m  r s t i m a t i . n  « ^ o a i o ^ c j o )  b k t a  •  0 . 8
' ( J )  ■
8iV> Alpha -  - O . i : MO Ctowth Rat» -  2 .17X Menu Arc at B i r t h  oC a l l  C h i l d r e n  • 27.24




WAN ACE AT l 7 
BIKtll OF El.nrST 
SURVIVING CHILOREN
1ft 19 20 2 1 22 2 3 2 4 25 2 6
10 •  7<»0 1 . 3 8 0 » .4.101 • 4 7 1 8 • 5 0 6 2 . 5 3 4 5 . 5 6 8 5 . 5 8 0 4 •  6 0 2 0 . 6 2 5 0 •  6 5 7 5
15 .»«2.17 .<•0 73 . 4 6 7 7 • 5 ? 1 1 . 5 6 8 8 •  6 1  19 • 65 2 1 . 6 9 1 4 . 7 3 1 4 . 7 7 3 5 •  8 1 4 1
20 . O | « 0 • 4 3 |  9 • S0HH . 4 7 9 9 • 6 4 6 3 •  7 0 9 1 . 7 6 9 4 . 8 2 9 5 • 8 8 9 9 •  9 5 1 7 1 . 0 1 5 4
25 1 . 0 1 7 7 .««590 • 5 5 6 3 •  64ft2 . 7 3 5 5 . © 1 9 2 . 9 0 0 3 •  9 8 0 2 1 . 0 5 9 7 1 . 1 3 9 4 1 . 2 1 4 7
30 1 . 1 2 1 3 • 4 H69 . 6 0 5 ? . 7 1 7 8 . 8 2 5 3 •  9 2 8 8 1 . 0 2 9 1 1 . 1 2 7 1 1 . 2 2 3 8 1 . 3 1 9 7 1 . 4 1 5 0
35 1 . 2 4 3 5 . 5 1 2 5 . 6 5 0 1 •  7 8 1 6 . 9 0 7 7 1 . 0 ? 9 2 1 . 1 4 7 1 1 . 2 6 2 2 1 . 3 7 5 4 1 . 4 8 7 ? 1 . 5 9 4 4
* 0 1 . 3 9 C 1 . 5 6 6 3 . 7 1 0 8 • 8 6 7 2 1 . 0 0 9 4 1 . 1 4 7 2 1 . 2 8 1 8 1 . 4 1 4 4 . 1 . 5 4 6 2 1 . 6 7 8 0 1 . 8 1 7 8
* 5 1 . 5 8 2 4 . 4 1 3 f t •  7 f t2 1 . 9 4 5 5 1 . 1 0 5 2 1 . 2 6 2 6 1 . 4 1 8 8 1 . 5 7 5 6 1 . 7 3 4 5 1 . 8 9 7 ? 2 . 0 6 5 9
50 1 . 5 5 2 1 . 7 1 5 6 . 8 9 8 0 1 . 0 7 8 8 1 . 2 6 0 0 1 . 4 4 3 6 1 . 6 3 2 3 1 . 8 2 9 2 2 . 0 3 8 1 2 . 2 6 3 1 2 . 4 2 9 1
5 5 2 . 2 5 1 6 • 8 1 4 ? 1 . 0 1 6 8 1 . 2 2 6 0 1 . 4 4 5 5 1 . 6 7 9 9 1 . 9 3 4 1 2 . 2 1 4 3 2 . 5 2 6 9 2 . 8 8 0 4 2 . 5 4 1 5
1 ( 2 )  "  9 0 0  A 1 Ph a  "  “ 0 . 5 2 6 5  C r o w t h R a te  -  3 . 2 5 Z M e a n  A g e a t  B i r t h  o f a l l  C h i l d r e n  - 2 6 . 9 3
F I R S T  B IR T H MEAN
CENTRAL ACE KEAN ACE AT 
OF BIRTH IF ELDEST 
RESPONDENTS SURVIVING CHILDREN
1 7 1 8 1 9 2 0 2 1 2 2 2 3
2 4 2 5 2 6
1 0  . 3 3 8 2 . 3 2 4 0 . 3 8 8 0 •  4 3 8 0 . 4 7 9 8 •  5 1 4 5 . 5 4 3 7
. 5 6 9 7 . 5 9 4 6 •  6 2 0 5 *  6 4 * 4
1 5  . 3 6 5 ? . 3 3 5 7 . 4 0 6 6 . 4 6 9 8 •  5 2 6 1 . 5 7 6 7 •  6 2 3 2
. 6 6 7 6 . 7 1 1 9 . 7 5 7 4 •  8 0 5 1
2 0  . 4 0 8 3 . 1 3 2 ? . 4 2 1 ? •  5 0 3 4 •  5 7 9 6 •  6 5 1 0
•  7 1 8 8 . 7 8 4 6 •  8 4 9 8 •  9 1 5 4 •  9 8 * 0
2 5  . 4 6 4 7 . 1 2 5 7 . 4 3 7 0 . 5 4 1 5 . 6 3 9 9 . 7 3 3 0 . 8 2 2 0 •  9 0 8 0
. 9 9 2 2 1 . 0 7 5 2 1 . 1 5 - 5
3 0  . 6 0 3 9 . 3 1 7 9 . 4 5 2 1 . 5 7 8 5 . 6 9 7 9 . 8 1 1 0 •  9 1 8 8 1 . 0 2 2 1
1 . 1 2 2 0 1 . 2 1 8 9 1 . 3 1 3 2
3 5  . 5 5 9 4 . 3 0 6 3 . 4 6 1 2 •  6 0 7 2 . 7 4 5 0 . 8 7 5 2 . 9 9 8 7 1 . 1 1 6 3
1 . 2 2 8 8 1 . 3 3 6 9 l  . 4 4 ’. 8
4 0  . 6 2 4 4 . 3 2 1 7 . 4 9 2 8 •  6 5 3 9 . 8 0 5 4
. 9 4 8 4 1 . 0 8 3 7 1 . 2 1 2 5 1 . 3 3 5 ? 1 . 4 5 4  3 1 . 5 * ^ 9
4 5  . 7 1 3 8 •  3 2 3 2 . 5 0 7 9 . 6 8 1 7 •  8 4 5 f t 1 . 0 0 1 4 1 . 1 4 9 5
1 . 2 9 1 6 1 . 4 2 8 9 1 . 5 6 2 7 1 . 6 9 . 6
5 0  . 8 3 4 ? .  3 4 * * 6 . 5 5 9 2 . 7 4 2 0 . 9 1 6 3
1 . 0 8 4 0 1 . 2 4 7 0 1 . 4 0 7 6 1 . 5 6 8 6 1 . 7 3 2 f t 1 . 9 0 3 6
5 5  1 . 0 1 9 ? . 3 7 7 1 . 5 7 4 3 . 7 6 9 3 . 9 5 8 9
1 • I 4 8 6 1 . 3 4 1 8 1 . 5 4 2 5 1 . 7 5 4 8 1 . 9 8 3 ? 2 . 2 3 2 8
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TAMP A. ». I. J (Continued)
memos rsTiMATKP » * i2V h ), l uo) PK1A • 1,0 ,ov Uy Model
‘ (2)
HSO A l p l i a  -  - 0 . 1 5 2 1  G r o w t h  R a te  •  1 . 8 5 X  M e a n  A r c  a t  B i r t h  o f  a l l  C h i l d r e n  •  2 6 . 4 4




nr AN ACF. AT 
Mlb ¡ ii o r  BL R f t  
SURVIVING CHI LOREN
1 • 1 « 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6
1 * ,  4  7 7 . 4 0 9  » .  4 $ 9 9 . 5 0 2 « . 5 3 9 . 3 . 5 7 0 9 . 5 9 9 7 •  6 2 7 7 •  6 5 6 5
•  6 J 7 |
I * . » . » 1 7 . « 3 9 0 . 5 0  3 7 . 5 6 2 6 . 6 1 5 1 •  6 6 4 6 . 7 1 2 2 •  7 5 9 8 •  8 0 8 5 •  6 5 9 0
2 0 .  7 ? 4 ? .  < - . » n . 4 7  ? M . 5 5 4 ? . 6 3 « ? . 7 0 7 7 . 7 7 « ! . 8 4 6 7 . 9 1 4 9 •  9 8 3 S I . C 5 3 0
2 5 . « v * i . 5 1 3 7 •  M A O . 7 1 7 0 . 8 1 1 3 . 9 0 2 0 . 9 9 0 5 1 . 0 7 7 5 1 . 1 6 4 0 1 . 2 5 0 1
3 0 .  9  V » 7 , u ; s i . 5 5 7 4 •  A H  1 9 •  « C  0 6 . 9 1 4 1 1 . 0 2 3 5
1 . 1 2 9 9 1 . 2 3 4 2 1 . 3 3 7 0 1 . 4 J « H
3 5 I .  A 5 9 6 .  u u  •»? . 5 9 7 * . 7 4 0 0 . 8 7 6 4 1 . 0 0 7 6 1 . 1 3 4 5 1 . 2 5 8 3 1 . 3 7 9 8 1 . 4 9 9 9 1 . 6 1 9 5
4 0 1 . 2 1 * 0 . * 6 1 « . « 1 9 2 . 9 7 1 2 1 . 1 1 8 8 1 . 2 6 3 3 1 . 4 0 6 4 1 . 5 4 9 3 1 . 6 9 3 5
1 . 6 - 0 4
4 5 1 . 4 ¿ 5 6 , R 1 H « . 7 1  5 * •  8 « « 2 1 . 0 5 8 0 1 . 2 2 6 5 1 . 3 9 5 7 1 . 5 6 7 5
1 . 7 4 3 9 1 . 9 2 7 4 2 . 1 2 0 9
5 0 1 . 7 2 7 0 .  6 ? 9 9 . 8 1 9 6 1 . 0 1 0 0 1 . 2 0 3 3 : . 4 0 2 4 1 . 6 1 0 7
1 . 8 3 2 4 2 . 0 7 2 8 2 . 3 3 8 2 2 . 6 3 6 1
5 5 2 . 1 « 0 0 . 7 1 0 3 . 9 1 « « 1 . 1 3 8 5 1 . 3 7 4 7 1 . 6 3 3 3 1 . 9 2 2 1 2 . 2 5 0 0
2 . 6 2 8 0 3 . 0 6 9 4 3 . 5 9 1 3
8 7 5  A l p h a  - - 0 . 2 5 7 8  G r o w th R a te  - 2 . 0 7 Z  M e a n  A g e a t  B i r t h
o f  a l l  C h i l d r e n -  2 6 . 4 1
.




KEAN ACE AT 
BIRTH OF ELDEST 
SURVIVING CHILDREN
1 7 1 « 1 9 2 0 2 1 2 2 2 3
2 4 2 5 2 6
1 0 . « 6 5 ? .  3 3 7 - .  3 Q Q 6 . 4 5 2 « . 4 9 « ? . 5 3 6 «
. 5 7 0 3 . 6 0 0 7 •  6 3 0 1 •  6 6 0 1 •  6 3 1 7
1 5 . M 2 9 .  3 4 « 9 . 4 2 4  1 . 4 9 1 « . 5 5 3 0 . 6 0 8 7
. 6 6 0 4 . 7 1 0 1 . 7 5 9 2 . 8 0 9 3 •  € $ 0 9
2 0 .  3 4 6 9 . 4 5 0 5 . 5 3 7 4 •  6 1 8 6 . 6 9 5 1 . 7 6 7 9 •  B 3 8 6
. 9 0 8 4 . 9 7 8 2 l . C - 8 6
2 5 . 6 7 1  « . 3 6  7 6 . 4 8 2 6 . 4 4 0 9 . 6 9 3 3 . 7 9 0 6 . 8 8 3 8
. 9 7 4 1 1 . 0 6 2 5 1 . 1 4 9 7 1 . 2 3 6 0
3 9 . 7 6 1  3 .  » « C - . 5 1 6 . 7 . 6 4 5 3 . 7 6 7 4
. 8 8 3 7 . 9 9 5 2 1 . 1 0 2 9 1 . 2 0 7 6 1 . 3 1 0 1 1 . M 1 0
3 5 . - 6 6 0 . 3  » ?  » . 5 4 6 6 •  6 9 3 0 . 8 3 2 4
. 9 6 5 7 1 . 0 9 3 7 1 . 2 1 7 5 1 . 3 3 7 9 1 . 4 5 5 5 1 . 5 7 2 3
4 9 . 9 9 5 7 . 4 3 1 7 . 6 0 0 0 . 7 6 0 6 . 4 1 4 4
1 . 0 6 2 4 1 . 2 0 6 0 1 . 3 4 6 5 1 . 4 0 5 4 1 . 6 2 3 9
1 . 7 6 3 4
4 5 1 . 1 6 4 « . 6  3 8 4 . « 1 2 5 . 9 8 2 0 1 . 1 4 8 3
1 . 3 1 3 2 1 . 4 7 8 5 1 . 6 4 6 2 l , r ; « 4 1 . 4 3 7 «
5 9 1 . 4 2 2 3 . 5 2 4 / . 7 1 9 4 . 4 0 8 3 1 . 0 9 6 9 1 . 2 8 8 3
l  . 4 H S 6 1 . 6 9 2 5 1 . 9 1 3 7 2 . 1 5 4 » 2 . « ? 2 1
5 5 1 . « 1 1 3 . 4 - 1 3 ? .  7 6 6 2 . 9 9 6 2 1 . 2 1 7 8
1 . 4 5 6 6 1 . 7 1 9 1 2 . 0 1 3 2 2 . 3 4 0 1 2 . 7 3 5 1
3 . 1 * 8 4
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TABI» A.1.1. 1 (Coni inucd)
F IS C IIO N  E S T IM A I! 'D  l  > (2t»*s)/l (  > „ )  Ì K T A  "  l * °  I o w  F e r t i l i t y  M o d a l
l ^ j  •  9 0 0  A lp h a  •  - 0 . 3 R 1 4  G r o w th  R a te 2 . 2 9 Z  M eo n  A r o  a t  B i r t h  o £  a l l  C h i l d r e n  •  2 6 . 3 7
CENTRAL A'.C W 'A !I A l i i :  AT 1 f 1 •* 1 9 20
F IR S T  B IR T H  
2 1
MEAN




MKTH o r  r.i.rrsr 
s i  kv iv i m : children
.  v -  v  . 1 ^ 3 .  389« .< * < .5 6 . 6  91/ . •  5 3 6 3 . 5 6 9 9 . 6 0 2 0 . 6 3 2 9 •  6 6 4 1 . * 9 6 4
\ * .  ■*'» >H .  T |fl«, . * 0 * 0 7 9 9 . 5 6 4 0 . 6 0 2 4 . 6 5 6 6 . 7 0 8 3 . 7 5 9 2 •  8 1 0 7 . « 6 3 5
? 0 . « . ‘ W -  .  « «^s . * ? « ! . 5  |  8 8 . 6 0 1 6 •  6 R ? 9 . 7 5 8 3 •  8 3 1 2 . 9 0 2 8 •  9 7 4 f 1 . Ì 4 6 «
? 5 . n * ? . < . ‘> 1 7 . 5 6 8 ? . 6 7 0  1 . 7 7 0 « . 8 6 6 6 . 9 5 8 9 1 . 0 4 8 7 1 . 1 3 6 7 1 • ? 2 3 3
3 « .  t v , ' , .<»7 AS .  6 0 9 6 . 7 3 5 6 . 8 5 6 7 . 9 6 8 4 1 . 0 7 7 4 1 . 1 8 2 7 1 . 2 8 5 P 1 . 3 9 4 6
3 5 .  6  7<*1 •  3V>8 . 4 9 * 6 . 6 6  7 5 •  7 9 0 3 . 9 2 6 0 1 . 0 5 5 ? 1 . 1 7 9 1 1 . 2 9 8 4 1 . 4 1 4 7 1 . Ì 2 6 7
<*0 , 7 ^ 1 7 . 5 3 9 1 •  7 0 3 6 . 8 5 9 8 1 , 0 0 8 7 1 . 1 5 1 6 1 . 2 8 9 7
1 . 4 2 4 4 1 . 5 5 7 1 1 . C 4 B 8
4 5 .  9  1 3S .  3 7 « 5 . 5 6 4 6 •  7 6 1 ? •  9 1 1 1 1 . 0 7 5 5 1 . 2 3 6 3 1 . 3 9 5 0 1 . 5 5 3 6 1 . 7 1 4 ? 1 . 1 7 8 9
5 0 I a l i n i  . < . 1 3 3 . 6 2 6 8 •  8 1 3 5 . 9 9 8 6 1 . 1 8 2 8 1 . 3 6 9 7 1 . 5 6 2 3 1 . 7 6 4 7 1 . 9 8 1 7 2 . 2 1 9 0
5 5 1 . < * 3  3 7 . 6 5 8 7 . « 6 1 7 1 . 0 7 1 3 1 . 2 9 2 7 1 . 5 3 1 4 1 . 7 9 4 3
2 . 0 8 9 4 2 . 4 2 5 « 2 . 2 1 5 5
9 2 5  A lp h a -  - 0 . 5 4 1 0  G r o w th  R a te  - 2 . 5 2 Z  M e a n  A g e a t  B i r t h o f  a l l  C h i l d r e n  ■  2 6 . 3 4 •




MEAN ACE AT 1 7 
B IR T II O F ELDEST 
S U R V IV IN G  CHILDREN
I P 1 9 2 0 2 1 2 2 2 3 2 4 2 5 2 6
n . . 2 6 6 7  . 3 1 2 5 . 3 7 9 « •  4 3 8 3 . 4 8 8 7 . 5 3 1 8 . 5 6 9 5 . 6 0 3 5
. 6 3 5 8 . 6 6 8 3 •  7 3 2 ?
1 5 . 2 9 2 1  . " * 1 1 7 . 3 9 7 7 . 4 6 7 9 . 5 3 5 1 . 5 9 6 4 •  6 5 3 0 •  7 0 6 9 . 7 5 9 7 •  8 1 2 7
•  8 S 6 8
2 0 . 3 3 6 ?  . 7 0 7 9 . 4 0 6 7 . 5 0 0 3 . 6 8 8 4 •  6 7 1 1 . 7 4 9 3 •  8 2 4 6 . 8 9 8 0
. 9 7 0 7 1 . 0 * 3 0
2 6 . 3 2 4 9  , ? 9 6 5 . 4 2 0 9 . 5 3 7 3 . 6 4 7 9 . 7 5 1 7 . 8 5 0 4 •  9 4 4 9 1 . 0 3 6 2 1 . 1 2 5 0 1 . 2 1 1 9
3 0 . 6 3 7 7  . 2 9 0 5 . 4 3 7 1 . 5 7 6 0 . 7 0 4 9 . 8 2 7 4 . 9 4  3 4 1 . 0 5 3 9 1 . 1 5 9 7 1 . 2 6 1 *
1 . 3 5 9 7
3 5 . 4 9 8 9  ,  ? « 2  1 . 4 4 «  1 . 6 0 4 0 . 7 5 0 7 •  8 8 8 9 1 . 0 1 9 5 1 . 1 4 3 3 1 . 2 6 1 3
1 . 3 7 4 ? 1 . 4 * 2 7
4 0 . 6 7 4 6  . 7 0 1 1 . 4 * 1 2 . 6 5 0 4 . 8 0 9 6 . 9 5 9 6
1 . 1 0 1 6 1 . 2 3 7 0 1 . 3 6 7 1 1 . 4 9 3 0 1 . 6 1 5 8
4 5 . 6  7 7 .1  . 7 0 3 7 . 4 9 4 7 . 6 7 6 2 . 6 4 6 ? 1 . 0 0 9 2 1 . 1 6 5 9 1 . 3 1 7 8
1 . 4 6 6 8 1 . 6 1 4 7 1 . 7 * 3 6
5 0 . « 2  7 5  .  7 4 ? 0 . 6 3 9 1 •  7 2 7 8 . 9 1 0 ?
1 . 0 8 8 5 1 . 2 6 5 ? 1 . 4 4 3 4 1 . 6 2 6 8 1 . 8 1 9 4 2 . 0 2 6 1
5 6 1 . 0 5 4 5  . 3 4 0 9 •  5 - * 1 7 •  7 4 0 4
. 9 4 0 4 1 . 1 4 6 2 1 . 3 6 2 8 1 . 5 9 5 9 1 . 8 5 2 3 2 . 1 3 9 5 2 . 4 « s e
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TABLE A .1 . 1 .  ! (C on tin u e*!)
FC SC T1C W  E S T IM A T E D  !  1  ( 2 0 « N ) / l  ( 2 0 )  B E T A  *  1 - 0  L ° "  F * r l l U l T  M o d e l
1 -  9 SO A l p h .  -  - 0 . 7 5 7 0  G r o w t h  R a te  -  7 . 7 4 1  M e a n  A g e  a t  B i r t h  o i  a l l  C h i l d r e n  -  7 6 . 3 0
F IR S T  B IR T H  MEAN
CENTRAL ACE MEAN ACE AT 1 7 IP 19 20 21
2 2 2 3 24 2 5 27
OF BIRTH OF ELDEST
RESPONDENTS SURVIVING CHILDREN
10 .  1 M O .3 6 9 7
.4 3 0 9 .4 8 3 9 .5 2 9 5 .5 6 9 2 • 6 0 5 1 • 6 3 9 1 .6 7 3 0
•  '0 8 2
I S .  1 S i l v . ? 9 2 8 .3 7 8 4 • 4 S 6 0
.5 2 6 4 .5 9 0 5 .6 4 9 9 .7 0 6 1 • 7 6 0 8 .6 1 5 5 •  f  711
?f> . 2 ]  *»7 • ?7 7 1 .4 8 2 0
.5 7 3 8 .6 5 9 9 • 7 411 .8 1 8 8 • 8 9 4 3 •  9 6 8 ”
I . J 4 1 9
? s . 2 5 0 » . 2 * 9 9 .3 ^ 0 8 •  S I  2 3
.6 2 6 5 .7 3 3 9 .8 3 5 4 .9 3 2 3 1 .0 2 5 2 1 .  1 15(
1 • *0 2 0
30 a 2 9 5 4 .? 4 5 9 .3 9 4 7
.5 4 1 9 .6 7 6 2 .« 0 2 2 .9 2 0 8 1 .0 3 2 7 1 .1 3 8 9 1 .2 4 0 0
1 « 3 3 6 w
35 . t .4 0 ? 0 .5 6 3 6
.7 1 4 6 .8 5 5 6 .9 8 7 6 1 .1 1 1 2 1 .2 2 7 3 1 .3 3 6 0 | .» 4 C 2
4 0 .  3 7 r,-> .2 4 0 ? .4 2 4 1 .6 0 2 8
.7 6 5 3 .9 1 6 5 1 .0 5 7 6 1 .1 8 9 6 1 .3 1 3 8
1 .4 3 1 « 1 .5 4 3 5
4«; . 4 4  1 '. ,  ?TTA , 4 3 3 d« .6 1 6 9
.7 9 1 7 .9 5 3 2 1 .1 0 5 0 1 .2 4 8 8 1 . 3 8 6 2 1 .5 1 9 *
1 .4 4 9 3
so • 53*»7 .4 6 4 0 .6 5 7 7 .8 3 H 4
1 .0 1 0 5 1 .1 7 6 5 1 .3 3 9 1 1 .5 0 1 5 1 .6 6 7 4 1 .5 4 1 0
ss .4 M « .* .  ?  36«< .4 4  36 .6 4 1 9 .8 3 5 4
1 .0 2 7 8 1 .2 2 3 8 1 .4 2 8 3 1 .6 4 6 6 1 .8 8 4 9 2 .1 5 0 3
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Appendix 3 .4
F u ll W eigh ts  fo r  P a te rn a l O rp h an h o o d  R epo rts  o f E ld e s t S u rv iv in g  
C h ild re n
Sets o f w e ig h ts  fo r a v a r ie ty  o f m o rta lity  and  f e r t i l i t y  con d ition s  are  
re p ro d u c e d  in  T a b le  A . 3 . 4 .  T h r e e  m easures  o f m o rta lity  a re  g iv e n , the 
f i r s t  and second p a ra m e te rs  o f the  B rass  model life  ta b le  system , a lpha  
and b eta , and  the  life  tab le  s u r v iv o rs  to age tw o o f a ra d ix  o f 1 ,000  
b ir th s , 1 ( 2 ) '  Botfi the  leve l and  the age p a tte rn  o f m o rta lity  a re  v a r ie d ,  
from  v e r y  h ig h  m o rta lity , w ith  an I ^  o f 650 a n d  beta o f 1 . 3 ,  to 
m oderate  m o r ta l i ty ,  w ith  an I o f 900 and beta  o f 0 . 8 ,  o r  from  
r e la t iv e ly  h e a v y  c h ild  m o rta lity , w ith  an I ^  o f 650 and beta of 
0 . 8 ,  to r e la t iv e ly  l ig h t  c h ild  m o rta lity , w ith  an I ^  o f 900 and  
beta of 1 . 3 .  T h e  ra te  o f p o p u la tio n  g ro w th  is v a r ie d  to rem ain  consistent 
w ith  the m o rta lity  assum ption s  and a f ix e d  fe r t i l i t y  sch ed u le  w ith  a 
total f e r t i l i t y  ra te  o f 6 . 5 .  D if fe re n t  e s tim atin g  e q u a tio n s  a re  u sed , 
both on a b ase  o f 30 y e a rs .  D iffe re n t f e r t i l i t y  le v e ls , b ir th  in te rv a ls , 
and  p a r ity  d is tr ib u t io n s  a re  a lso  in tro d u c e d  as s p e c ifie d  on the tab les .
T h e  tw o  m eans th a t a re  g iv e n  re q u ire  some e x p la n a tio n . T h e  mean 
age at b ir th  o f a ll c h ild re n  is the m ean age at c h ild b e a r in g  in  the stab le  
p o p u la tio n , w h e n  f i r s tb ir th s  a ll  o ccu r at exact age 25, and second- 
b ir th s  e x a c t ly  one m ean b ir th  in te rv a l la te r , and so on. T h e  mean age at 
b ir th  o f e ld e s t  s u r v iv in g  c h ild re n  is the d iffe re n c e  betw een  the mean age 
at b e a r in g  w h a t is an  e ld e s t s u r v iv in g  c h ild  at a g iv e n  c e n tra l age (in  
the s tab le  p o p u la t io n ) , and th e  mean age at b e a r in g  f irs t  c h ild re n  in  
the s tab le  p o p u la tio n , w h ic h  is 25 th ro u g h o u t. T h u s  the m ean age of 
m o ther at the  b ir th  o f e ld e s t s u r v iv in g  c h ild re n  ag e d  35 is the va lue  
show n in  th e  re le v a n t  colum n p lus  25 y e a rs .
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TABLE A . l . A .  I rA T K B SA L  ORi’ llAKHOOD Wl: 1CIITS fO « ELD EST SU B V H IH C  CII1LDIU.H
FU N C TIO N  E S T IM A T E D  I l ( x , . M ) 7 , O 0 > BE T A  -  1 . 0
I ( J ,  -  6 » A l p h a  -  0 . 4 0 3 7 G r o w t h R a t a  -  1 . 1 S X Mean A g o a t  B i r t h  o f a l l  C h i l d r a n •  3 2 . 6 5




KEAN ACE AT 
BIRTH OF ELDEST 
SURVIVING CHILDREN
2 2 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1
1 0 1 . 7 1 7 2 . 6 5 2 2 . 6 7 9 5 . 7 0 7 5 . 7 3 7 1 . 7 6 9 0 •  6 0 3 1 . 8 3 9 5 . 8 7 7 7 •  9 1 7 A . 9 2 7 1
i s 1 . 4 0 3 0 •  6 3 0 6 •  6 8 1 6 •  7 3 4 0 . 7 8 8 4 •  8 4 5 1 •  9 0 4 1 . 9 6 5 0 1 . 0 2 7 5 1 . 0 9 1 3 1 . 0 5 4 5
2 0 2 . 1 4 7 5 . 6 0 7 4 . 6 8 6 7 . 7 6 7 1 . 8 4 8 9 . 9 3 2 4 1 . 0 1 7 5 1 . 1 0 3 9 1 . 1 9 1 6 1 . 2 8 0 4 1 . 1 2 9 3
2 5 2 . 4 0 1 4 •  5 8 4 7 •  6 9 ? 1 . 8 0 0 0 . 9 0 8 7 1 . 0 1 8 5 1 . 1 2 9 7 1 . 2 4 2 1 1 . 3 5 6 1 1 . 4 4 9 0 1 . 1 4 9 2
3 0 2 . 6 7 0 « . 5 9 2 0 . 7 2 3 9 •  8 5 6 4 •  9 9 0 1 1 . 1 2 5 3 1 . 2 6 2 7 1 . 4 0 2 6 1 . 5 4 5 7 1 . 5 0 0 3 1 . 2 1 6 1
3 5 2 . 9 7 6 6 . 5 7 7 1 . 7 3 0 7 •  8 8 6 0 1 . 0 4 4 0 1 . 2 0 5 8 1 . 3 7 2 6 1 . 5 4 5 7 1 . 7 2 6 6 1 . 4 3 0 0 1 . 2 5 8 0
4 0 3 . 3 4 2 4 . 5 8 9 6 . 7 6 0 9 . 9 3 7 4 1 . 1 2 0 8 1 . 3 1 3 0 1 . 5 1 6 2 1 . 7 3 2 9 1 . 9 6 6 4 1 . 2 3 0 7 1 . 3 0 6 3
4 5 3 . 7 9 6 7 . 5 3 9 2 . 7 2 4 8 •  9 2 1 1 1 . 1 3 1 1 1 . 3 5 8 7 1 . 6 0 8 5 1 . 8 8 6 8 1 . 6 6 2 9 1 . 2 2 4 8
1 . 3 1 9 9
5 0 4 . 3 6 1 8 . 4 7 8 9 . 6 7 3 2 . 8 8 7 2 1 . 1 2 7 1 1 . 4 0 0 4 1 . 7 1 6 5 2 . 0 6 9 6 1 . 1 3 0 1 1 . 2 1 7 8
•  8 3 2 9
5 5 5 . 0 3 6 7 •  4 2 1 2 •  6 2 1 8 •  8 5 4 9 1 . 1 3 0 7 1 . 4 6 3 0 1 . 8 7 1 2 1 . 3 5 0 0
1 . 0 9 8 6 1 . 1 4 3 2 •  1 8 0 0
> « )  - 7 0 0
A l p h a  -  0 . 2 9 1 6 G r o w t h R a to  -  1 . 3 5 X M o o n  A g o a t  B i r t h o f  All C h i l d r e n  -  3 2 . 4 3




m m  ACE AT 
BIRTH OP ELDEST 
SURVIVING CHILDREN
2 2 2 3 2 4 2 5 2 6 2 7
2 8 2 9 3 0 3 1
1 0 1 . 3 9 3 3 . 6 1 8 8 . 6 4 8 5 •  6 7 8 3 . 7 0 9 6
. 7 4 2 5 . 7 7 7 8 . 8 1 5 3 . 8 5 4 7 •  8 9 5 7 •  9 3 6 2
1 5 1 . 5 4 6 8 . 5 7 3 5 . 6 2 7 7 . 6 8 2 7 . 7 3 9 3
. 7 9 8 0 •  8 5 8 7 •  9 2 1 1 •  9 8 5 1 1 . 0 5 0 3 1 . 0 8 8 8
2 0 1 . 7 5 6 9 •  5 2 4 2 . 6 0 7 5 . 6 9 1 3 . 7 7 6 0
•  8 6 1 9 . 9 4 9 0 1 . 0 3 7 2 1 . 1 2 6 1 1 . 2 1 5 9 1 . 2 0 7 6
2 5 1 . 9 7 9 3 . 4 7 6 3 . 5 8 8 2 . 6 9 9 9 . 8 1 1 6
. 9 2 3 9 1 . 0 3 6 7 1 . 1 5 0 3 1 . 2 6 4 5 1 . 3 7 9 7 1 . 2 7 1 4
3 0 2 . 2 1 8 0 . 4 6 1 4 . 5 9 7 6 . 7 3 3 3 •  8 6 9 1
1 . 0 0 5 4 1 . 1 4 2 9 1 . 2 8 1 7 1 . 4 2 2 6 1 . 5 6 6 1 1 . 2 8 3 4
3 5 2 . 4 9 2 3 . 4 2 7 2 . 5 8 3 9 . 7 4 0 9 . 8 9 9 0
1 . 0 5 9 3 1 . 2 2 2 9 1 . 3 9 0 9 1 . 5 6 4 8 1 . 6 6 4 3 1 . 2 6 1 8
4 0 2 . 8 2 8 3 . 4 2 7 5 . 5 9 8 7 . 7 7 3 1 . 9 5 2 2
1 . 1 3 7 9 1 . 3 3 2 0 1 . 5 3 6 7 1 . 7 5 4 8 1 . 5 9 5 7 1 . 3 1 1 6
4 5 3 . 2 5 9 3 . 3 7 1 6 . 5 5 2 3 . 7 4 0 9 . 9 4 0 0
1 . 1 5 2 8 1 . 3 8 3 3 1 . 6 3 6 5 1 . 9 1 8 9 1 • 3 0 4 A 1 . 3 2 7 5
5 0 3 . 8 2 1 1 •  3 2 2 1 . 5 0 5 6 •  7 0 4 6
. 9 2 4 3 1 . 1 7 1 1 1 . 4 5 3 1 1 . 7 8 0 0 1 . 6 0 5 0 1 . 2 1 0 «
1 . 3 3 5 8
5 5 4 . 5 3 1 4 . 2 8 5 4 . 4 6 8 1 •  6 7 7 6 •  9 2 2 1
1 . 2 1 2 8 1 . 5 6 5 2 1 . 7 7 8 3 1 . 0 9 2 0 1 . 1 9 6 5 •  6 2 9 1
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TABLE A . 3 .  A . 1 ( C o n t in u o . ! )
r W C T Io f c  E S T IM A T E D  I  1 ( X > « N ) 7 1  ( 3 0 )  “ I A  *  1 , 0
1 (2 )  "  750  A lp i»  -  0 .1 6 5 9  Crow th R a t *  -  1 .6 2 1  Ha an A$o « t  B i r t h  o f  o i l  C h lld r o n  -  1 2 .5 9




MEAN ACE AT 
BIRTH OF ELDEST 
SURVIVINC CHILDREN
2 ? 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1
1 0 1 . 0 9 7 0 •  5 8 3 4 •  6 1 5 9 •  6 4 8 1 •  6 8 1 2 •  7 1 6 1 •  7 5 3 0 . 7 9 2 2 •  8 3 3 1 •  8 7 5 5 •  9 1 9 3
1 5 1 . 2 1 7 9 •  5 1 4 ? . 5 7 2 2 . 6 3 0 7 . 6 9 0 3 •  7 5 1 6 •  8 1 4 7 •  8 7 9 4 •  9 4 5 4 1 . 0 1 2 3 1 . 0 8 0 0
2 0 1 . 3 9 0 9 . 4 3 8 6 •  5 2 7 0 •  6 1 5 2 . 7 0 3 8 . 7 9 3 1 •  8 8 3 0 . 9 7 3 5 1 . 0 6 4 4 1 . 1 5 5 6 1 . 2 4 6 9
2 5 1 . 5 7 6 1 . 3 6 4 5 •  4 8 2 6 •  5 9 9 4 . 7 1 5 5 •  8 3 1 2 •  9 4 6 7 1 . 0 6 2 0 1 . 1 7 7 2 1 . 2 9 2 a 1 . 3 5 8 5
3 0 1 . 7 7 6 « •  3 2 6 5 . 4 6 9 0 •  6 0 9 7 . 7 4 9 1 •  8 8 8 0 1 . 0 2 6 7 1 . 1 6 5 5 1 . 3 0 5 1 1 . 4 4 6 0 1 . 4 3 7 2
3 5 2 . 0 1 0 2 .  2 7 ? 6 . 4 3 4 6 . 5 9 5 1 . 7 5 5 2 •  9 1 5 5 1 * 0 7 7 4 1 . 2 4 1 8 1 . 4 0 9 9 1 . 5 8 3 4 1 . 4 3 7 4
4 0 2 . 3 0 0 5 . 2 5 7 1 •  4 3 0 8 •  6 0 5 3 •  7 8 2 1 •  9 6 3 1 1 • 1 4 9 « 1 . 3 4 4 2 1 . 5 4 8 6 1 . 7 6 5 9 1 . 3 6 7 4
4 5 2 . 6 8 5 0 . 1 9 3 « . 3 7 2 4 •  5 5 6 0 . 7 4 6 9 . 9 4 7 8 1 * 1 6 1 9 1 * 3 9 3 4 1 . 6 4 7 7 1 . 6 8 9 0 1 . 3 1 2 8
5 0 3 . 2 1 0 8 •  1 4 9 6 . 3 2 4 ? . 5 0 9 9 •  7 1 0 9 •  9 3 2 7 1 . 1 8 1 7 1 * 4 6 5 9 1 . 7 9 5 7 1 . 3 3 5 5 1 . 3 2 2 1
5 5 3 . 9 2 1 8 •  1 3 4 8 . 3 0 0 5 •  4 8 7 0 . 7 0 0 9 •  9 5 1 0 1 * 2 4 9 0 1 . 6 1 1 5
1 . 4 4 5 6 1 . 1 7 0 4 1 . 3 2 5 4
l ( 2 )  -  BOO A l p h a  -  0 . 0 2 2 1  C r o w t h R a t a  -  2 .
,O O Z M e a n  A g a a t  B i r t h o f  a l l  C h i l d r a n  -  3 2 . 3 1




MEAN ACE AT 
BIRTH OF ELDEST 
SURVIVINC CHILDREN
2 2 2 3 2 4 2 5 2 6 2 7
2 8 2 9 3 0 3 1
1 0 . 8 2 7 2 . 5 4 5 4 . 5 8 1 4 •  6 1 6 6 •  6 5 2 5
. 6 8 9 7 . 7 2 8 9 . 7 7 0 1 . 8 1 2 9 . 8 5 7 ? . 9 0 2 7
1 5 . 9 1 7 1 . 4 5 2 1 . 5 1 5 0 . 5 7 7 7 •  6 4 1 2 •  7 0 6 0
. 7 7 2 3 •  8 3 9 8 . 9 0 8 4 . 9 7 7 5 1 . 0 4 7 1
2 0 1 . 0 5 1 3 . 3 5 0 1 . 4 4 4 9 . 5 3 8 7 •  6 3 2 3
. 7 2 5 9 •  8 1 9 6 •  9 1 3 4 1 . 0 0 6 9 1 . 1 0 0 0 1 . 1 9 2 6
2 5 1 . 1 9 7 0 . 2 4 9 6 . 3 7 5 6 . 4 9 9 3 •  6 2 1 1
. 7 4 1 5 . 8 6 0 7 . 9 7 8 8 1 . 0 9 5 9 1 . 2 1 2 1 1 . 3 2 7 5
3 0 1 . 3 5 5 5 •  1 « 8 3 . 3 3 9 3 •  4 8 7 0 •  6 3 1 9
. 7 7 4 8 •  9 1 6 1 1 . 0 5 6 1 1 . 1 9 5 4 1 . 3 3 4 4 1 . 4 7 3 9
3 5 1 . 5 4 0 5 •  1 1 2 8 •  2 8 3 1 . 4 4 9 9 . 6 1 4 ?
. 7 7 6 9 •  9 3 9 0 1 . 1 0 1 4 1 . 2 6 5 4 1 . 4 3 2 3 1 . 5 8 1 7
4 0 1 . 7 7 3 4 . 0 8 1 3 •  2 6 1 1 •  4 3 9 0 •  6 1 6 6
. 7 9 5 5 . 9 7 7 4 1 . 1 6 4 0 1 . 3 5 7 2 1 . 5 5 9 6 1 . 6 1 4 5
4 5 ? . 0 8 « 7 . 0 0 6 5 •  1 8 6 8 •  3 6 9 0 . 5 5 5 1
•  7 4 7 3 . 9 4 8 4 1 . 1 6 1 7 1 . 3 9 1 6 1 . 6 4 3 5 1 . 5 0 1 7
5 0 2 . 5 3 9 9 - . 0 1 6 7 . 1 3 3 ? . 3 0 9 7 . 4 9 6 3
. 6 9 7 3 •  9 1 8 1 1 . 1 6 5 2 1 . 4 4 6 5 1 . 7 2 8 3 1 . 2 7 7 5
5 5 3 . 1 9 6 4 - . 0 3 2 3 . 1 1 8 9 . 2 8 4 7 . 4 7 0 4
•  6 8 2 6 •  9 3 0 0 1 . 2 2 4 3 1 . 5 8 2 0 1 . 3 1 0 7 1 . 2 7 9 6
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TABLE A . 3 . 4 .  t ( C o n t in u e d )
FUNCTION E S T IM A T E D  t  l ( 3 0 * N ) / l ( J 0 j
BE T A  - 1 . 0
l ( 2 )  -  8 5 0  A lp h a  -  - 0 . 1 5 2 1  G r o w th  B a t e  -  2 . 5 5 Z  M e a n  A g a  a t  B i r t h  o f  a l l  C h i l d r e n  ■  3 2 . ,3 7




MEAN ACE AT 2 2  
BIRTH OF ELDEST 
SURVIVING CHILDREN
2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1
1 0 . 5 8 3 0 •  5 0 4 . 4 •  54 4.4» •  5 8 3 4 •  6 2 2 5 •  6 6 2 8 . 7 0 4 7 •  7 4 8 5 •  7 9 3 9 •  8 4 0 5 •  8 8 8 0
I S •  6 4 4 8 .  3 8 6 6 . 4 5 5 4 •  5 2 3 6 . 5 9 1 9 •  6 6 1 1 •  7 3 1 3 •  8 0 2 5 . 8 7 4 3 •  9 4 6 2 1 * 0 1 8 0
2 0 . 7 4 . 1 0 .2 5 8 1 •  3 6 0 8 •  4 6 1 8 •  5 6 1 8 •  6 6 1 0 . 7 5 9 5 . 8 5 7 3 •  9 5 4 1 1 . 0 4 9 7 1 * 1 4 4 0
2 5 . 8 4 . 4 5 . 1 3 1 6 . 2 6 7 7 •  4 0 0 ? . 5 2 9 5 . 6 5 6 2 •  7 8 0 5 •  9 0 2 4 1 . 0 2 2 0 1 . 1 3 9 5 1 . 2 5 5 0
3 0 . 9 6 1 ? . 0 4 8 1 •  2 1 0 6 . 3 6 7 9 . 5 2 0 6 •  6 6 9 4 •  8 1 4 8 . 9 5 7 2 1 . 0 9 7 0 1 * 2 3 4 6 1 . 3 7 0 8
3 5 1 . 0 9 5 6 - . 0 4 8 ? •  1 3 4 3 •  3 1 0 8 •  4 8 2 4 •  6 4 9 8 •  8 1 4 1 •  9 7 6 3 1 . 1 3 7 3 1 . 2 9 8 6 1 . 4 6 1 5
AO 1 . 2 6 4 . 8 - . 0 9 7 ? . 0 9 3 6 . 2 7 9 4 •  4 6 1 7 •  6 4 2 0 •  8 2 2 1 1 . 0 0 3 5 1 . 1 8 8 0 1 . 3 7 7 6 1 . 5 7 4 8
* 5 1 . 4 . 9 5 7 - . 1 8 7 9 . 0 0 0 4 •  1 8 6 8 . 3 7 3 3 . 5 6 1 9 . 7 5 4 9 . 9 5 5 2 1 . 1 6 6 2 1 . 3 9 2 ? 1 . 6 3 9 3
5 0 1 . 8 3 6 ? - • ? 3 5 0 - . 0 6 3 4 •  1 1 0 4 . 2 8 9 0 •  4 7 6 1 •  6 7 5 8 •  8 9 3 6 1 * 1 3 5 6 1 . 4 0 9 7 1 . 5 9 0 4
5 5 ? • 3 6 6 5 - . ? 1 5 4 - . 0 7 2 8 . 0 7 8 1 •  2 4 1 8 . 4 2 3 2 . 6 2 8 5 •  8 6 6 0 1 * 1 4 6 3 1 . 4 8 7 4 1 . 3 2 4 7
» «  ■ 9 0 0
A lp h a  -  - 0 . 3 8 3 4 G r o w t h  R a te  ■ 3 . 1 5 1  M e a n  A g a  a t  B i r t h o f  a l l  C h i l d r e n  -  3 2 . 2 ]




MEAN ACE AT 2?. 
BIRTH OP ELDEST 
SURVIVING CHILDREN
2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1
1 0 . 3 6 5 9 . 4 6 1 1 . 5 0 5 6 . 5 4 8 8 . 5 9 2 0 •  6 3 6 0 •  6 8 1 4
. 7 2 8 4 . 7 7 6 8 •  8 2 6 2 . 8 7 6 2
1 5 •  4 0 3 3 . 3 1 8 4 . 3 9 4 4 . 4 6 9 1 •  5 4 3 4 •  6 1 8 1 . 6 9 3 2
•  7 6 8 9 •  8 4 4 5 •  9 1 9 8 . 9 9 4 3
2 0 . 4 6 4 4 •  1 6 4 0 . 2 7 6 6 •  3 8 6 6 . 4 9 4 5 •  6 0 0 7 •  7 0 5 3 •  8 0 8 2
•  9 0 9 0 1 . 0 0 7 6 1 . 1 0 3 8
2 5 . 5 3 1 7 . 0 1 2 5 •  1 6 1 6 . 3 0 5 5 . 4 4 4 7 •  5 7 9 6
•  7 1 0 4 . 8 3 7 2 •  9 6 0 1 1 . 0 7 9 ? 1 . 1 9 4 5
3 0 . 6 0 4 9 - . 0 9 1 3 . 0 8 6 9 . 2 5 7 3 •  4 2 0 9 •  5 7 8 0
. 7 2 9 4 •  8 7 5 4 1 . 0 1 6 4 1 . 1 5 2 9 1 . 2 8 5 5
3 5 . 6 9 0 5 - ■ ? 0 5 8 - . 0 0 5 ? •  1 8 6 1 . 3 6 9 0
•  5 4 4 4 . 7 1 3 3 •  8 7 6 9 1 . 0 3 6 1 1 . 1 9 2 3 1 . 3 4 6 7
4 0 . 7 9 7 5 - , ? 6 9 3 - . 0 5 9 8 •  1 4 0 4 . 3 3 2 7
•  5 1 8 9 . 7 0 0 6 . 8 7 9 5 1 . 0 5 7 4 1 . 2 3 5 9 1 . 4 1 7 3
4 5 . 9 4 ? 8 - . 3 7 9 7 - . 1 7 3 7 . 0 2 5 5 . 2 1 9 9 •  4 1 1 5
. 6 0 2 5 •  7 9 5 3 •  9 9 3 0 1 . 1 9 9 0 1 . 4 1 7 9
5 0 1 . 1 5 7 9 - , 4 4 ? 6 - . 2 5 7 4 - . 0 7 6 0 . 1 0 5 0 •  2 8 8 3 •  4 7 7 6
. 6 7 7 3 •  8 9 ? 4 1 . 1 2 9 Í 1 • 3 9 4 6
5 5 1 . 5 0 4 9 - . 4 1 4 9 - . 2 6 9 8 - . 1 2 2 4 •  0 3 0 8 •  1 9 4 0
. 3 7 1 9 •  5 7 0 2 . 7 9 6 7 1 . 0 6 1 7 1 . 3 7 9 8
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TABLE A . ) . « .  I ( C o n t i n u e d )
FU N C TIO N  E S T IM A T E D  I  l  ( j o » H ) / l  (  J O )  “ T *  *  1 , 3
1 ( 2 )  -  < S 0  A l p h a  -  0 . 6 2 0 2  G r o w t h  R a ta  *  0 . 6 9 E  M e a n  A t e  a t  R l r t h  o (  a l l  C h i l d r e n  •  3 2 . 5A




MEAN ACE AT 
BIRTH O r ELDEST 
SURVIVING CHILDREN
2 7 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1
1 0 1 . O 1 0 ? . 4 4 7 5 . 6 7 7 7 •  7 0 8 5 . 7 4 0 8 . 7 7 5 2 •  8 1 1 8 •  8 5 0 3 •  8 9 0 6 •  9 3 2 4 •  9 3 2 9
1 5 2 . 1 8 0 3 •  4 4 1 3 •  6 9 5 8 •  7 5 1 8 •  8 0 9 7 . 8 6 9 9 •  9 3 2 2 . 9 9 6 5 1 . 0 6 2 4 1 . 1 3 0 2 1 . 0 4 5 0
2 0 2 . 5 3 2 9 . 6 4 5 3 . 7 2 7 9 •  8 1 1 9 . 8 9 7 9 . 9 8 5 9 1 . 0 7 5 9 1 . 1 6 8 0 1 . 2 6 2 1 1 . 3 3 3 6 1 . 0 8 3 1
2 5 2 . 8 9 9 2 . 4 5 4 4 •  7 6 4 5 •  8 7 6 3 . 9 9 0 2 1 . 1 0 6 8 1 . 2 2 6 2 1 . 3 4 8 9 1 . 4 7 5 5 1 . 3 6 6 7 1 . 1 4 8 1
3 0 3 . 2 8 4 8 . 6 9 1 1 •  8 2 6 4 •  9 6 4 9 1 . 1 0 7 2 1 . 2 5 4 2 1 . 4 0 6 9 1 . 5 6 6 1 1 . 7 3 3 8 1 . 2 7 4 7 1 . 2 0 7 4
3 5 3 . 7 1 2 7 . 4 9 7 4 •  8 5 6 4 1 . 0 2 1 6 1 . 1 9 4 6 1 . 3 7 7 2 1 . 5 7 1 6 1 . 7 8 0 5 1 . 7 S 4 8 1 . 1 8 1 9 1 . 2 3 8 0
<•0 4 . 2 0 3 4 . 7 2 1 7 . 9 0 3 7 1 . 0 9 8 4 1 . 3 0 8 7 1 . 5 3 8 1 1 . 7 9 0 6 2 . 0 7 4 2 1 . 4 1 9 6 1 . 2 0 3 2 1 . 0 0 2 9
4 5 4 . 7 6 7 4 •  6 4 3 6 . 8 6 5 2 1 . 0 8 8 7 1 . 3 4 0 2 1 . 6 2 7 2 1 . 9 6 1 8 1 . 8 8 7 1 1 . 1 2 4 6 1 . 1 8 4 0 •  3 8 9 4
5 0 5 . 3 8 9 9 . 5 7 4 4 . 7 8 9 9 1 . 0 4 2 1 1 . 3 4 3 3 1 . 7 0 8 2 2 . 1 6 8 3 1 . 1 3 7 6 1 . 0 8 7 8 •  7 9 0 1
•  2 6 0 6
5 5 6 . 0 2 2 0 . 4 6 5 9 . 6 8 6 9 •  9 6 2 3 1 . 3 1 1 8 1 . 7 7 4 9 1 . 4 4 0 7
. 9 9 5 9 1 . 0 0 2 4 •  4 0 7 5 •  3 4 6 5
t ( 2 ,  -  TOO A l p h a  -  O . 5 0 6 1  G r o w t h E a t *  - l . O O Z  M e a n  A g e  a t  B i r t h o f  a l l  C h i l d r e n  -  3 2 . 4 8
F IR S T  B IR T H MEAN
CENTRAL ACE MEAN ACE AT ¿ 3 2 4 2 5 2 6 2 7 2 8
2 9 3 0 3 1
OF BIRTH OF ELDEST
RESPONDENTS 1SURVIVING CHILDREN
1 0 1 . 5 - 4 4 •  6 0 * 2 . 6 4 1 4 • 6 ^ 4 7 . 7 0 9 0 . 7 4 5 2
•  7 8 3 4 •  8 2 3 5 . 8 6 5 2 •  9 0 8 4 •  9 5 0 1
1 5 1 . 7 7 * * e •  O 7  4  9 . 6 3 3 1 •  6 9 2 2 . 7 5 2 7 •  8 1 5 3 •  8 7 9 6
. 9 4 5 8 1 . 0 1 3 4 1 . 0 8 2 4 1 . 1 0 4 9
2 0 2 . 0  2 *•»> •  O Ò J J . 6 3 7 1 •  7 2 4 5 •  8 1 3 3 . 9 0 3 6
. 9 9 5 5 1 . 0 8 9 0 1 . 1 8 4 0 1 . 2 8 0 6 1 . 1 9 9 6
2 5 ¿ . 4  l * >; •  3 3 7 3 .6 * 4 6 * 4 •  7 6 1 2 . 8 7 7 ? . 9 9 5 1
1 . 1 1 5 0 1 . 2 3 7 3 1 . 3 6 2 5 1 . 4 9 1 2 1 . 1 9 6 8
3 n ¿ . 7 7 H • 5 * * n 5 .6 6 * 4 * ? . 8 2 3 6 . 9 6 5 7 1 . 1 1 1 3
1 . 2 6 1 1 1 . 4 1 6 1 1 . 5 7 7 7 1 . 5 7 5 1 1 . 2 2 1 9
3 5 3 . 1 7 7 7 • b J 6 J •  6 V * * 4 .» > 6 7  0 1 . 0 2 5 5
1 . 2 0 1 5 1 . 3 8 6 6 1 . 5 6 4 4 1 . 7 9 6 9 1 . 4 3 2 3 1 . 2 5 8 6
4 0 3  •  1 5 . 5 5  ¿ 2 •  7 c  r  1 . 9 1 4 0 1 . 1 1 2 4
1 . 3 2 6 5 1 . 5 5 9 9 1 . 8 1 9 2 1 . 9 3 6 5 1 . 2 1 5 2 1 . 2 9 7 8
4 5 4 • ¿ 4 Ì V • ->0 1 1 . 6 9 0 4 • 8 9 7  7 1 . 1 2 7 9 1 . 3 8 7 1
1 . 6 8 7 0 2 . 0 3 9 0 1 . 4 1 3 6 1 . 2 0 3 1 . 9 7 1 2
5 0 •+ .  -4 '  .. •« . 6  . * “ . 6 •  6 6  J 7 1 . 1 3 2 b 1 . 4 5 6 0 1 . 8 6 1 3
1 . 7 0 2 6 1 . 0 9 8 1 1 . 1 7 2 8 • 2 6 2 1
5 5 .  I n i n • b o n * •  d « J o H 1 . 1 1 4 b 1 . 5 2 1 6
1 . 6 5 0 5 1 . 0 0 8 5 1 . 0 4 5 8 . 5 9 7 7 • 3 0 5 5
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TABU A . } . « ,  t ( C o n t i n u e d )
FU N C TIO N  E S T IM A T E D  I  l ( j o » N ) ^ l < 3 0 ) B E T A  -  l . 3
1 ( I )  -  7 J O A l p h a  •  O . 3 8 0 5  C r o v t h R a t e  -  1 . 3 5 2 M e a n  A g e e t  B i r t h  o f  a l l  C h i l d r e n  •  3 2 . 4 3
F IR S T  B IR T H MEAN
2NTRAL ACE MEAN ACE AT 
OF B IRTH OF ELDEST 
IESPONDENTS SURVIV INC CHILDREN
? * 2 3 2 4 ¿ 5 2 6 2 7 2 8 2 9 3 0 3 1
1 0 1 . ✓ ! * * •  - > 6 f i2 •  6 0 3 1 •  6 3 9 6 . 6 7 6 8 . 7 1 5 4 . 7 5 5 9 . 7 9 8 2 •  8 4 2 0 •  8 8 7 1 •  9 3 3 3
I S 1 •  * 9 « * | •  • 5 0 6 2 . 5 6 M J . 6 3 1 7 •  6 9 6 0 . 7 6 1 8 . 8 2 9 1 . 8 9 7 9 •  9 6 7 9 1 . 0 3 8 8 1 . 1 1 0 7
2 0 1 . « • 3 0 9 . 5 4  3 4 •  6  3 5 8 . 7 2 8 7 •  8 2 2 5 •  9 1 7 3 1 . 0 1 3 2 1 . 1 0 9 9 1 . 2 0 7 7 1 . 2 8 3 7
2 5 1 •  *»«• I  & .  « * 0 * 6 . 5 2 4 5 •  6 4 4 0 •  7 6 3 8 •  8 8 4 3 1 . 0 0 5 9 1 . 1 2 9 0 1 . 2 5 3 9 1 . 3 8 1 2 1 . 3 6 4 9
3 0 2 . ? 6 2 * •  3 9 * » 0 . 5 3 6 ? •  6 7 8 5 •  6 2 2 ? . 9 6 7 9 1 . 1 1 6 3 1 . 2 6 8 5 1 . 4 2 5 5 1 . 6 8 8 3 1 . 3 7 3 6
3 5 ? . t o l ° 7 .  ! * « •  1 . 5 2 3 7 •  6 6 5 8 . 8 5 1 7 1 . 0 2 2 8 1 . 2 0 0 9 1 . 3 8 8 6 1 . 5 8 7 8 1 . 7 6 4 0 1 . 2 6 3 4
4 0 3 , 0 7 0 6 •  3 6 9 6 . 5 4 1 5 •  7 2 0 4 •  9 0 8 9 1 . 1 0 9 5 1 . 3 2 6 1 1 . 5 6 2 6 1 . 8 2 3 7 1 . 6 0 6 5 1 . 3 0 6 6
4 5 3 . 6 * 3 7 •  3 2 1 * •  5 0 0 3 . 0 9 2 5 . 9 0 2 5 1 . 1 3 5 7 1 . 4 0 1 1 1 . 7 0 6 9 1 . 9 7 2 1 1 * 1 9 9 1 1 . 3 1 4 9
5 0 « • , 3 5 3 8 •  2 9 2 7 . 4 6 1 6 . 6 6 4 8 •  9 0 0 1 1 . 1 8 1 9 1 . 5 2 4 4 1 . 9 4 7 2 1 . 3 0 9 6 1 . 1 8 6 1
•  8 3 8 4
5 5 5 . » 6 3 3 . 2 4 6 0 . 4 2 2 4 . 6 3 6 5 •  9 0 6 0 1 . 2 5 2 8 1 . 7 0 7 8 1 . 3 8 1 4 1 . 0 5 4 9 . 9 7 7 4
. 2 3 7 2
l ( 2 )  "  8 0 0
A l p h a  -  0 . 2 3 6 6  G r o w t h R a t e  -  1 . 7 5 X  M e a n  A g e ! a t  B i r t h  o f  a l l  C h i l d r e n  •  3 2 . 3 7




MEAN ACE AT 
B IR TH  OF ELDEST 
SUR VIV IN C  CHILDREN
? 2 2 3 2 4 2 5 2 6 2 7 2 8
2 9 3 0 3 1
1 0 . 9 2 1 ? •  5 2 0 8 . 5 6 2 3 . 6 0 2 9 •  6 4 3 8
•  6 8 5 8 . 7 2 9 4 . 7 7 4 6 •  8 2 1 2 •  8 6 8 7 . 9 1 7 1
1 5 1 . 0 5 5 7 •  4 3 1 7 •  5 0 1 0 •  5 6 9 9 •  6 3 9 2
•  7 0 9 5 •  7 8 0 8 •  8 5 3 3 •  9 2 6 5 1 . 0 0 0 1 1 . 0 7 4 3
2 0 1 . 2 5 9 7 . 3 4 7 0 . 4 4 7 1 •  5 4 6 2
•  6 4 4 9 . 7 4 3 7 •  8 4 2 8 •  9 4 2 0 1 . 0 4 1 5 1 . 1 4 1 3 1 . 2 4 1 4
2 5 1 . 4 8 7 3 . 2 7 0 9 . 3 9 9 1 •  5 2 5 6 •  6 5 1 1
•  7 7 6 1 •  9 0 1 0 1 . 0 2 6 2 1 . 1 5 2 1 1 . 2 7 8 9 1 . 4 0 7 4
3 0 1 . 7 4 2 1 . 2 3 4 3 . 3 8 3 7 . 5 3 1 7 . 6 7 9 2
•  8 2 6 9 . 9 7 6 1 1 . 1 2 7 0 1 . 2 8 0 7 1 . 4 3 8 3 1 . 5 5 0 7
3 5 2 . 0 4 7 8 . 1 8 2 5 . 3 4 6 8 •  5 1 1 4 . 6 7 7 4
•  8 4 6 3 1 . 0 2 0 0 1 . 1 9 9 8 1 . 3 8 7 9 1 . 5 8 6 8 1 . 5 4 2 9
4 0 2 . 4 3 9 9 •  1 7 3 0 . 3 4 4 2
•  5 1 9 4 . 7 0 0 5 •  8 9 0 8 1 . 0 9 2 8 1 . 3 0 9 5 1 . 5 4 4 8 1 . 8 0 3 9 1 . 4 2 0 5
4 5 2 . 9 6 3 0 . 1 2 5 9 . 2 9 6 1 •  4 7 5 9 •  6 6 8 8
. 8 7 9 9 1 . 1 1 4 0 1 . 3 7 8 3 1 . 6 8 2 4 1 . 6 8 5 0 1 . 2 9 5 0
5 0 3 . 6 6 5 3 . 1 0 7 4 . 2 6 9 4 •  4 4 7 9
. 6 5 2 4 . 8 9 0 4 1 . 1 7 3 2 1 . 5 1 6 1 1 . 8 9 3 7 1 . 1 6 0 5 1 . 3 0 6 6
5 5 4 . 5 4 1 7 . 1 0 9 2 . 2 5 9 8 •  4 4 1 9 •  6 6 5 2
. 9 4 5 5 1 . 3 0 5 7 1 . 7 8 0 8 1 . 1 1 4 5 1 . 1 4 4 7 •  6 1 5 2
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TABLE A. 3 . 4 .  I ( C o n t i n u 'd )
rU H C TIO H  E S T IM A T E D  I  » ( j o . N ) / 1 ( 3 0 )
1 ( J )  -  . 5 0 A l p h a  -  0 . 0 6 2 S  G r o w t h R a t a  -  2 . 3 5 X  H a  a n  A g a a t  B i r t h o f  a l l  C h l l d r t n  -  3 2 . 2 5




MEAN ACE AT  r V  
R1RTH OF ELDEST 
SURVIVING CHILDREN
2 3 ¿ 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1
1 0 •  - 7 C 1 . 5 1  / J •  5 6 3 2 •  6 0 8 9 •  6 5 S 3 •  7 0 2 9 •  7 5 1 8 •  8 0 1 8 . 8 5 2 5 •  9 0 J 7
I S •  7 4 | 7 •  3 * » l f . 4 2 - 0 •  5 0 5 2 •  5 8 1 1 •  6 5 7 3 . 7 3 3 9 •  8 1 1 1 •  6 8 8 4 . 9 6 5 5 1 . 0 4 2 5
2 0 •  3 ö ? l . 2 3 6 0 . 3 — 1 •  * ♦ 5 4  1 . 5 6 0 7 •  6 6 6 3 . 7 7 1 1 •  8 7 5 1 •  9 7 8 3 1 . 0 0 0 7 1 * 1 8 2 5
2 5 1 . 0 5 f > 2 . 1 2 — . ¿ 0 9 0 •  * ♦ 0 5 4 •  5 3 9 1 . 6 7 0 9 . 8 0 0 9 •  9 2 9 8 1 . 0 5 7 7 1 . 1 8 5 0 1 . 3 1 2 3
3 0 1 . 2 - * 5 . 0 6 6 0 .  2 2 6 9 ♦ 3 d  3 1 . 5 3 7 7 •  6 9 0 5 •  8 4 2 3 •  9 9 3 9 1 . 1 4 6 0 1 . 2 9 9 6 1 . 4 5 6 0
3 5 -  •  J  l  ¿ ** . 1 6 1 5 •  3 3 3 1 . 5 0 3 4 . 6 7 3 7 •  8 4 5 5 1 . 0 2 0 4 1 . 2 0 0 2 1 . 3 8 6 8 1 . 5 8 2 8
<•0 1 . 7 7 - 2 - . 0 - 0 - •  1 3 S 4 . 3 1  l b . 4 9 0 7 •  6 7 4 4 •  8 6 5 1 1 . 0 6 5 7 1 . 2 7 9 1 1 . 5 0 9 3 1 . 7 4 7 4
4»5 2 . 1 9 4 6 - . 0 * 3 8 •  0 7 3 5 •  2 4 6 3 . 4 2 7 3 . 6 1 9 7 •  8 2 7 5 1 . 0 5 6 2 1 * 3 1 2 6 1 . 6 0 6 0 1 . 5 8 3 1
5 0 2 . - 1 3 - - . 0 9 - 6 •  0 5 - 9 . 2 1 5 3 . 3 9 1 4 •  5 8 9 5 •  8 1 8 0 1 * 0 8 7 8 1 . 4 1 3 1 1 . 7 4 9 0 1 . 2 4 3 3
5 5 3 . 6 * 3 1 - . 0 3 2 0 •  0 7 6 5 . 2 2 5 0 •  4 0 1 3 •  6 1 5 9 . 8 8 3 9 1 . 2 2 7 1 1 . 6 7 8 2 1 . 1 3 9 1
1 . 2 5 7 4
1 ( 2 )  -  9 0 0 A l p h a  -  - 0 . 1 6 8 9  G r o w t h  R a ta  - 3 . 0 0 Z  M e a n  A g e  a t  B i r t h  o f  a l l  C h i l d r e n  ■  3 2 .1 3




MEAN ACE AT ? ?  
BIRTH OF ELDEST 
SURVIV ING CHILDREN
2 3 2 4 2 5 2 6 2 7
2 8 2 9 3 0 3 1
1 0 . 4 0 7 8 . 4 1 4 6 . 4 6 8 7 . 5 2 1 1 . 5 7 2 8 •  6 2 4 8
•  6 7 7 6 . 7 3 1 2 •  7 8 5 6 •  8 4 0 3 •  8 9 5 0
1 5 . 4 6 3 7 •  2 6 6 3 . 3 5 3 9 •  4 3 9 5 •  5 2 4 0 •  6 0 7 8
•  6 9 1 3 . 7 7 4 4 •  8 5 6 9 •  9 3 8 4 1 . 0 1 6 8
2 0 . 5 5 7 1 . 1 1 9 7 . 2 4 3 2 •  3 6 3 2 . 4 8 0 4
. 5 9 5 1 •  7 0 7 6 . 8 1 7 9 . 9 2 5 9 1 . 0 3 1 8 1 . 1 3 5 5
2 5 . 6 6 4 6 - . 0 1 6 7 . 1 3 9 2 . 2 8 9 7 . 4 3 5 3
•  5 7 6 7 . 7 1 4 3 •  8 4 8 4 •  9 7 9 6 1 . 1 0 8 1 1 . 2 3 4 5
3 0 . 7 8 4 3 - . 1 0 6 5 . 0 7 2 1 . 2 4  3 9 . 4 1 0 0
. 5 7 1 4 •  7 2 8 9 •  6 8 3 2 1 . 0 3 5 2 1 . 1 6 5 7 1 . 3 3 5 8
3 5 . 9 3 4 3 - . 2 0 9 6 - . 0 1 « 0 •  1 6 7 4 . 3 4 7 7
. 5 2 4 1 •  6 9 8 2 •  8 7 1 4 1 . 0 4 5 4 1 . 2 2 2 0 1 . 4 0 3 4
4 0 1 . 1 2 9 6 - . 2 6 0 1 - . 0 6 9 9 •  1 1 6 3 •  3 0 0 3
. 4 8 4 3 . 6 7 0 5 •  8 6 1 1 1 . 0 5 8 9 1 . 2 6 6 9 1 . 4 8 B 7
4 5 1 . 4 1 0 8 - . 7 2 9 8 - . 1 5 5 0 •  0 2 0 1
•  1 9 7 9 . 3 8 0 9 . 5 7 2 3 . 7 7 6 0 •  9 9 7 0 1 . 2 4 2 0
1 . 5 1 9 4
5 0 1 . 8 5 2 5 - . 7 2 0 9 - . 1 7 4 5 - . 0 2 3 9 •  1 3 4 ?
•  3 0 4 3 . 4 9 2 1 . 7 0 5 0 . 9 5 2 6 1 . 2 4 7 1 1 . 6 0 5 2
5 5 2 . 5 7 1 8 - . 2 3 7 4 - . 1 2 6 1 - . 0 0 4 5 . 1 3 2 7 •  2 9 2 2
•  4 8 3 0 •  7 1 7 2 1 . 0 1 2 S 1 . 3 9 6 3 1 . 2 7 S 5
21 U
TABLE A .3 . 4 .  i  ( C o n t i n u e d )
FU N C T IO N  E S T IM A T E D  * 1  ( 3 0 * N ) / l ( 3 0 )  “ T A  "  0 , 8
l ( 2 )  "  8 5 0  A 1 Ph *  ■  0 . 2 6 2 6  G r o w t h  R a t e  ■  1 . 4 2 Z  M e a n  A g e  a t  B i r t h  o f  a l l  C h i l d r e n  -  3 2 .7 2




MEAN ACE AT 
BIRTH OF ELDEST 
SURVIVING CHILDREN
2 ? 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1
1 0 1 . 5 9 8 7 . 6 5 8 8 •  6 8 3 3 •  7 0 8 4 . 7 3 5 2 •  7 6 4 3 . 7 9 6 0 •  8 3 0 1 . 8 6 6 3 •  9 0 4 ? •  9 1 8 5
1 5 1 . 7 3 5 4 •  6 2 9 2 . 6 7 6 5 . 7 2 5 2 . 7 7 6 0 . 8 2 9 2 •  8 8 4 9 . 9 4 2 7 1 . 0 0 2 1 1 . 0 6 3 Ó 1 . 0 5 0 7
2 0 1 . 9 1 5 6 . 5 8 9 ? . 6 6 4 7 . 7 4 1 2 . 8 1 9 2 . 8 9 8 8 . 9 7 9 9 1 . 0 6 2 1 1 . 1 4 5 3 1 . 2 2 9 ? 1 . 1 4 8 7
2 5 2 . 1 0 1 3 . 5 4 5 6 •  6 5 0 0 . 7 5 4 3 •  8 5 9 0 •  9 6 4 3 1 . 0 7 0 1 1 . 1 7 6 4 1 . 2 8 3 1 1 . 3 9 0 2 1 . 1 9 7 2
3 0 2 . 2 9 7 1 . 6 3 2 6 •  6 6 2 1 . 7 9 1 0 . 9 1 9 6 1 . 0 4 8 3 1 . 1 7 7 2 1 . 3 0 6 8 1 . 4 3 7 0 1 . 5 5 9 4 1 . 2 1 0 9
3 5 2 . 5 1 6 0 •  5 0 1 4 •  6 5 3 2 •  8 0 4 2 . 9 5 5 2 1 . 1 0 6 9 1 . 2 6 0 1 1 . 4 1 S 5 1 . 5 7 4 1 1 . 5 8 7 1 1 . 2 5 6 4
4 0 2 . 7 8 4 2 . 5 0 4 7 •  6 7 3 0 •  8 4 2 4 1 . 0 1 3 9 1 . 1 8 9 0 1 . 3 6 9 0 1 . 5 5 5 3 1 . 7 4 9 7
1 . 5 5 2 8 1 . 3 0 9 0
4 5 3 . 1 2 2 1 •  4 5 1 4 •  6 3 2 3 •  8 1 7 6 1 . 0 0 9 4 1 . 2 0 9 8 1 . 4 2 1 4 1 . 6 4 7 7
1 . 8 9 2 9 1 . 3 5 0 5 1 . 3 3 0 2
5 0 3 . 5 6 4 9 . 3 9 6 9 •  5 8 4 0 •  7 8 1 5 •  9 9 3 4 1 . 2 2 3 6 1 . 4 7 7 5 1 . 7 6 1 2
1 . 7 5 7 0 1 . 2 3 0 5 1 . 3 4 6 1
5 5 4 . 1 4 5 0 . 3 5 2 4 . 5 4 1 2 . 7 4 9 9 •  9 8 3 9 1 . 2 5 0 2 1 . 5 5 8 2
1 . 9 2 0 7 1 . 2 4 1 2 1 . 2 2 2 6 1 . 1 3 5 2
1 ( 2 )  -  7 0 0 A l p h a  »  . 1 4 8 5  G r o w t h R a t e  -  1 7 0 Z  M e a n  A g e a t  B i r t h o f  a l l  C h i l d r e n  -  3 2 . 6 5




MEAN ACE AT 
B IRTH OF ELDEST 
SURVIV ING CHILDREN
* 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1
1 0 1 . ¿ 9 C 4 . 6 o l 2 . 7 0 8 9 . 7 3 8 9 . 7 7 1 3 •  8 0 6 1 •  8 4 3 1 •  8 8 1 9
•  9 2 2 ?
1 5 l  . « . h i  A . 5 7 7 ^ . 6 2 6 9 . 6 7 7 5 . 7 3 0 0 . 7 8 4 7 •  8 4 1 8 •  9 0 0 9 . 9 6 1 5 1 . 0 2 3 4
1 . 0 7 8 8
2 0 1 . 5 5 4 1 •  5  1 ?6 . 5 9 1 5 •  © 7  1 0 . 7 5 1 5 •  8 3 3 2 •  9 1 6 2 1 . 0 0 0 1 1 . 0 8 4 6 1 . 1 6 9 5
1 . 2 0 9 8
2 5 1 . 7 1 ? m . « . a « ,  i . 5 5 3 0 . 0 6 1 ? •  7 6 9 1 . 8 7 7 0 •  9 8 4 8 1 . 0 9 2 6 1 . 2 0 0 2 1 . 3 0 7 7
1 . 3 0 3 3
3 0 l  . * M C W . * * U . 5 *  I t s •  6 7 6 7 . 8 0 8 3 . 9 3 9 3 1 . 0 6 9 6 1 . 1 9 9 6
1 . 3 2 9 3 1 . 4 5 9 2 1 . 3 7 1 3
3 5 * . 0  7 1 ' •  I S n n . 6 1 5 1 . 6 6 9 9 . 8 2 3 1 . 9 7 5 6 1 . 1 2 8 ? 1 . 2 8 1 S
1 . 4 3 6 5 1 . 5 9 4 ? 1 . 3 7 5 0
40 Jr .  J '1 15 •  7 .51»* J . 0 0 9 0 •  8 6 0 1 1 . 0 3 2 9 1 . 2 0 8 4 1 . 3 8 8 1 1 . 5 7 3 6 1 . 7 6 6 6
1 . 3 2 8 7
45 r  • ->•* '■* i .  u n « “ • t3 —  >* ) . 8 3 5 6 1 . 0 2 8 7 1 . 2 3 0 1 1 . 4 4 2 4 1 . 6 6 9 4 1 . 7 0 3 ?
1 . 3 2 2 4
Sn u - I M • M t * . 6 0 0  0 . 7 9  99 1 . 0 1 3 d 1 . 2 4 6 2 1 . 5 0 2 3 1 . 7 8 8 3
1 . 4 5 9 7 1 . 3 3 3 4
5 5 1 . 5 - / 1 .  i » .  ! n  ■* •  5  *> 4  3 . 7 7 7 0 1 . 0 1 5 5 1 . 2 6 7 3 1 . 6 0 2 4
1 . 7 2 2 4 1 . 2 0 0 5 1 . 3 4 5 6
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TABLE A.3.4. t (Continued)
FU N C T IO N  E S T IM A T E D  I  l ( 3 0 e M ) , l < 3 0 )  M T A  *  ° ‘ *
l ( 2 )  "  7 5 0  A l ? h a  •  0 . 0 2 2 9  C r o w t h  K a t e  -  1 . 9 3 1  M e a n  A g o  a t  B i r t h  o f  a l l  C h i l d r e n  -  2 2 .9 1




MT AN ACE AT 
BIRTII OF ELDEST 
SURVIVING CHILDREN
f ’ C 2 3 2 A 2 5 2 6 2 7 2 8 2 9 3 0 3 1
1 0 1 . 0 * 2 * •  s a w  / . 6 2 * 1 •  to b to 2 . 6 8 5 3 •  7 1 0 5 . 7 5 0 1 •  7 8 6 1 •  8 2 A 1 •  6 6 A 0 •  9 0 5 3
1 5 1 • 1 i  OM . 5 2  7 * • to o G to •  to 3  J 9 •  6 6 6 6 •  7 a 5 a •  8 0  A  A •  8 6 5 2 •  9 2 7 6 . 9 9 0 9 1 . 0 5 5 2
? 0 1 . 2 3 6 3 .  *♦•♦ U** • to d J to •  b 0 o 9 . 6 9 0 6 . 7 7 5 2 •  6 6 0 7 •  9 6 6 9 1 . 0 3 3 2 1 . 1 1 9 6 1 . 2 0 5 0
2 5 l . 3 t o * l •  i * * v O . 4 6 3 5 •  5 7 6 6 •  0 6 6 6 . 7 9 9 9 •  9 1 0 5 1 . 0 2 0 5 1 . 1 2 9 6 1 . 2 3 7 9 1 . 3 3 0 4
3 0 1 . 6 0 «  1 •  2 * 3 * . • ♦ 3 6 0 . 5 7 3 2 . 7 0 9 2 •  8 A 3 A •  9 7 6 0 1 . 1 0 7 3 1 . 2 3 7 3 1 . 3 6 6 3 1 . A 2 8 6
3 5 l  . 6 e « d . 2 2 6  S .  3 * * 9 . 5 * 8 7 . 7 0 5 6 •  6 6 0 8 1 . 0 1 A 2 1 . 1 6 6 9 1 . 3 1 9 7 1 . A 7 3 5 1 . 4 7 6 1
AO l . « t o J 7 •  £  0 0  7 •  3 / 7 9 . 5 5 2 * • 7 2 5 3 • 8 9 7 8 1 . 0 7 1 1 1 . 2 * 4 6 5 ? .« * 2 5 A 1 . 6 0 9 3 1 . 4 9 7 8
A S 2 . 1 2 : 6 •  1 2 s 7 • 3 1 1 2 • * ♦ 9 5 5 . 6 8 1 3 . 8 7 0 2 1 . 0 6 A 2 1 . 2 6 6 0 1 . A 7 8 A 1 . 7 0 S 2 1 . 4 0 6 0
5 0 2 . * 4 7 7 , • O too» • ? A f b •  A  3 * 4 2 . 6 2 6 6 • 6 2 9 0 1 . 0 * 4 5 3 1 . 2 7 9 9 1 . 5 3 8 3 1 . 6 8 9 0
1 . 3 0 9 8
5 5 2 . * « * 0 6 . 0  3 9 0 . 2 0 9 2 .  3 8 9 7 • 5 6 5 a • 8 0 1 1 1 . 0 A 2 7 1 . 3 1 8 0 1 . 6 3 7 5 1 . 3 6 8 3 1 . 3 0 9 7
1 ( 2 )  -  8 0 0 A l p h a  ■  - 0 . 1 2 1 0  G r o w t h R a t e  - 2 . 1 7 *  K e e n  A g e  e t  B i r t h
o f  a l l  C h i l d r e n  ■  3 2 . 5 8




MEAN ACE AT 2 ?  
BIRTH OF ELDEST 
SURVIVING CHILDREN
2 3 2 4 2 5 2 6 2 7 2 8
2 9 3 0 3 1
1 0 . 7 6 9 0 •  5 6 7 0 . 5 9 7 9 •  6 2 8 3
. 6 5 9 3 . 6 9 2 1 . 7 2 7 2 . 7 6 4 6 •  0 0 4 1 . 0 4 5 3
•  8 0 8 0
1 5 . 0 3 4 2 . 4 7 3 7 . 5 3 0 2 . 5 8 6 8 . 6 4 4 5
. 7 0 3 9 •  7 6 5 2 •  8 2 0 2 •  0 9 2 6 . 9 5 7 0 1 . 0 2 3 7
2 0 . 9 3 0 8 •  3 6 2 4 •  4 5 0 8 . 5 3 8 6
•  6 2 6 5 . 7 1 4 7 •  8 0 3 4 . 0 9 2 3 . 9 8 1 0 1 . 0 6 9 ?
1 . 1 5 6 0
2 5 1 . 0 3 3 1 . 2 4 7 2 •  3 6 8 5 •  4 8 7 5 •  6 0 4 7
. 7 2 0 4 . 8 3 4 7 . 9 4 7 5 1 . 0 5 0 7 1 . 1 6 8 ? 1 . 2 7 6 0
3 0 1 • 1 4 2 0 . 1 7 0 8 . 3 2 0 0 •  4 6 5 2
. 6 0 6 8 . 7 4 5 5 •  8 8 1 3 1 . 0 1 4 6 1 . 1 4 5 4 1 . 2 7 4 0
1 . 4 0 0 0
3 5 1 . 2 6 5 9 • 0 8 2 9 . 2 5 5 4 . 4 2 2 7 . 5 8 5 3
. 7 4 4 1 . 8 9 9 6 1 . 0 5 2 5 1 . 2 0 3 8 1 . 3 5 4 1
1 . 5 0 4 4
AO 1 . 4 1 7 9 •  0 4 3 0 . 2 2 9 0 •  4 0 9 8
. 5 8 6 7 •  7 6 0 8 •  9 3 3 4 K • 1 0 5 6 1 . 2 7 8 0
1 . 4 5 4 3 1 . 6 3 4 0
AS 1 . 6 1 8 2 - . 0 4 4 4 . 1 4 7 3 •  3 3 5 9 . 5 2 3 0
•  7 1 0 3 . 8 9 9 5 1 . 0 9 2 8 1 . 2 9 2 9 1 . 5 0 3 0
1 . 6 2 4 6
5 0 1 . 9 0 1 3 - . 1 1 1 3 . 0 7 3 0 . 2 5 9 2
. 4 4 7 4 . 6 4 1 3 •  8 4 4 3 1 . 0 6 0 3 1 . 2 9 3 8 1 . 5 5 0 0
1 . 5 2 8 0
5 5 2 . 3 2 3 9 - . 1 3 4 7 . 0 3 0 6 . 2 0 2 5
. 3 8 4 6 . 5 8 0 9 . 7 9 6 1 1 . 0 3 6 1 1 . 3 0 8 9 1 . 6 2 5 0
1 . 3 0 6 5
2 1 6
TABLE A.3.4. t (Continued)
FU N C TIO N  E S T IM A T E D  1 l B E T A  - 0 . 8
' m  *
8S O  A l p h a  -  - O . 2 9 5 1  G r o w t h  R a t e  -  2 . 7 0 X  M e a n  A g o  a t  B i r t h o f  a l l  C h i l d r e n  -  3 2 . 4 2
F IR S T  B IR T H  MEAN
CENTRAL ACE MEAN ACE AT f  *  
O r IIR T H  OF ELDEST 
RESPONDENTS SURVIV1NC CHILDREN
f  J ¿ 4 2 5 2 6 2 7 2 0 2 9 3 0 3 1
1 0 .*> *♦  i n •  b t ' i ' o •  S ' * * * •  6 3 2 9 •  6 6 7 8 •  7 0 6 0 •  7 6 6 1 •  7 0 5 3 •  0 2 0 2 •  0 7 2 3
I S •  5 M o 6 . - i « o •  * •  7 * 2 . 5 3 9 0 •  6 0 1 1 •  6 6 3 7 •  7 2 0 0 . 7 9 3 7 •  0 6 0 6 •  9 2 0 0 . 9 9 5 7
2 0 . 6 5 6 6 •  3  7  H 2 .< • 7  l b . 5 6 4 5 •  6 5 7 3 •  7 6 9 9 •  0 6 2 1 •  9 3 3 6 1 . 0 2 6 1 1 . 1 1 3 6
2 5 . 7 ^ 9 « . .  I * * * •  2 7 - b .< 4 0 1 0 •  5 2 < * 7 . 6 6 5 8 •  7 6 6 6 •  0 0 1 0 •  9 9 6 9 1 . 1 0 6 0 1 . 2 1 6 5
3 0 . a o 7 s •  0 ‘* * f ' . 2 0 0 1 •  3 6 2 0 •  5 1 1 0 •  6 5 5 S . 7 9 5 0 . 9 3 1 9 1 . 0 6 6 2 1 . 1 9 2 7 1 . 3 1 7 0
3 5 .  M V *'*» 0 5 6 T » . 1 2 3 0 •  3 0 5 2 •  6 7 5 5 •  6 3 9 9 . 7 9 9 0 . 9 5 3 3 1 . 1 0 3 0 1 . 2 5 1 1 1 . 3 9 6 3
«»0 1 . 3 1 * 4 0 1 0 o H •  O e v 7 . 2 0 0 2 . 6 6 3 9 . 6 6 1 9 •  0 1 5 6 •  9 0 6 2 1 . 1 5 6 9 1 . 3 2 3 0
1 . 6 9 2 1
<•5 l . | R » 5 - . / I d * » — •  0 0 t * 7 . 1 9 0 6 •  3 6 3 0 . 5 7 1 9 . 7 5 9 3
. 9 6 7 2 1 . 1 3 7 7 1 . 3 3 3 6 1 . 5 3 0 3
5 0 1 . 3 : 0 1 - • ? '» 0 < ! -  •  0  ' * 5 2 . 0 9 o 0 •  2 0 5 6 •  6 7 7 0 •  6 7 2 6 •  8 7 5 5 1 . 0 9 0 3 1 . 3 2 1 0
1 . 5 7 2 0
5 5 1 . 6 5 8 0 — •  3  4 * * 5 1 * 6 2 •  0 2 4  1 •  1 9 9 6 •  3 0 3 7 . 5 0 0 3
•  7 9 6 1 1 . 0 3 1 0 1 . 2 9 9 0 1 . 5 6 3 0
1 ( 2 )  •  9 0 0  A l p h a  -  - O . 3 2 6 5 G r o w t h  R a t e  - 3 . 2 5 Z  M e a n  A g e  a t  B i r t h
o f  a l l  C h i l d r e n  •  3 2 . 2 7
F IR S T  B IR T H MEAN
CENTRAL ACE MEAN ACE AT 2 2 2 3 2 4 2 5
2 6 2 7 2 0 2 9 3 0 3 1
OF BIRTH OF ELDEST
RESPONDENTS SURVIVING CHILDREN
1 0  . 3 6 0 2 . 6 9 7 6 . 5 3 4 5 . 5 7 0 4 •  6 0 6 5
. 6 4 3 9 •  6 0 3 3 •  7 2 4 8 •  7 6 0 2 •  0 1 3 1 •  8 5 9 1
1 5  . 3 6 7 5 . 3 6 1 9 . 6 2 7 9 . 4 9 3 1 . 5 5 0 7 . 6 2 5 3
•  6 9 3 2 •  7 6 2 3 •  0 3 2 2 . 9 0 2 2 . 9 7 2 2
2 0  . 6 1 1 1 •  2 0 6 6 •  3 0 6 4 •  4 0 6 6 . 5 0 5 5
•  6 0 3 7 •  7 0 1 1 . 7 9 7 5 •  0 9 2 4 . 9 0 5 6 1 . 0 7 6 7
2 5  . 6 5 0 2 . 0 4 3 3 •  1 0 3 3 •  3 1 0 0 •  4 5 0 4
•  5 7 0 4 •  7 0 2 0 •  8 2 3 5 . 9 4 0 5 1 . 0 5 3 5 1 . 1 6 2 6
3 0  . 5 0 0 1 - . 0 7 0 0 •  1 0 1 7 •  2 6 6 0 . 4 2 5 2
. 5 7 7 1 . 7 2 2 9 •  0 6 2 8 . 9 9 6 9 1 . 1 2 5 3 1 . 2 4 8 3
3 b  . 5 6 6 5 - . 1 9 1 0 . 0 0 9 6 . 2 0 0 1 . 3 0 1 1
. 5 5 3 3 . 7 1 7 4 •  8 7 4 0 1 . 0 2 4 0 1 . 1 6 8 ?
1 . 3 0 7 5
6 0  . 6 3 2 9 - . 2 5 2 ? - . 0 3 5 3 •  1 6 9 6 •  3 6 3 0
•  5 4 8 7 . 7 2 5 6 •  8 9 5 0 1 . 0 6 0 5 1 . 2 2 1 ?
1 . 3 7 9 4
6 5  . 7 2 2 1 - . 3 6 6 3 - • 1 6 2 4 •  0 7 0 2 . 2 7 3 1
•  4 6 8 1 •  6 5 7 1 •  0 4 1 9 1 . 0 2 4 9 1 . 2 0 8 3
1 . 3 9 5 4
5 0  , 0 4 7 6 - . 4 6 3 6 - . 2 6 0 0 - . 0 4 3 0 . 1 5 6 0 •  3 5 1 0
•  5 4 4 9 . 7 4 0 8 •  9 4 2 1 1 . 1 5 2 7 1 . 3 7 6 7
5 5  1 . 0 3 6 9 - . 5 0 0 4 - . 3 1 7 3 - . 1 3 7 9 . 0 4 1 2
•  2 2 3 0 •  4 1 1 0 •  6 0 9 0 •  0 2 1 6 1 . 0 5 4 9
1 . 3 1 7 0
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•  6 5 0  A l p h a  -  0 . A 0 S 7  G r o w t h  R a t e  -  1 . 1 5 X  M e a n  A g e  a t  B i r t h
TABLE A .3 . 4 .  I ( C o n t in u e d )
FUNCTION E ST IM A T E D  t ^ ( 3 2 | + N ) ^ ( 3 0 )  BE TA  • 1 * 0
o f  a l l  C h i l d r e n  •  3 2 .6 3  




MEAN ACE AT 
B IR T H  C r  ELDEST 
S U R V IV IK C  CHILDREN
2 ? 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1
1 0 1 . 7 1 7 2 •  1 3 0 9 •  1 6 9 2 •  2 0 8 9 . 2 5 0 7 . 2 9 5 2 . 3 4 2 5 •  3 9 2 1 . 4 4 3 9 •  4 9 7 5 . 5 4 5 9
I S 1 . 9 0 3 0 •  0 8 7 6 •  1 5 4 0 •  2 2 1 9 . 2 9 1 9 •  3 6 4 1 •  4 3 8 5 •  5 1 4 6 •  5 9 2 1 •  6 7 0 6 • 6 9 3 2
2 0 2 . 1 4 7 5 •  0 4 5 4 •  1 4 2 5 •  2 4 0 3 •  3 3 9 ! •  4 3 8 9 •  5 3 9 8 •  6 4 1 4 . 7 4 3 5 . 8 4 6 1 •  7 9 1 5
2 5 2 . 4 0 1 4 •  0 2 9 3 •  1 5 3 4 . 2 7 7 0 . 4 0 0 7 . 5 2 4 5 •  6 4 8 7 •  7 7 3 1 •  8 9 8 1 1 . 0 0 8 1 •  8 4 5 5
3 0 2 . 6 7 0 8 •  0 1 2 3 . 1 5 7 5 . 3 0 2 0 •  4 4 6 4 •  5 9 1 2 •  7 3 6 8 •  8 8 3 6 1 . 0 3 2 2 1 . 0 5 2 5 •  9 0 1 5
3 5 2 . 9 7 6 6 •  0 0 2 6 •  1 6 2 2 . 3 2 1 9 . 4 8 2 5 •  6 4 5 0 •  8 1 0 4 . 9 7 9 8 1 . 1 5 4 7 1 * 0 1 7 1 •  9 3 9 4
4 0 3 . 3 4 2 4 - . 0 0 1 9 •  1 6 3 5 . 3 3 1 4 •  5 0 3 3 . 6 8 0 9 •  8 6 6 0 1 . 0 6 0 6 1 . 2 6 7 3 •  8 9 5 6 • 9 6 2 1
4 5 3 . 7 9 6 7 - • 0 6 9 4 . 0 9 2 8 . 2 6 1 0 . 4 3 7 3 •  6 2 4 5 . 8 2 5 8 1 . 0 4 5 7 1 . 0 2 4 0 •  8 6 7 0
•  9 3 1 8
5 0 4 . 3 6 1 8 - . 0 7 5 0 •  0 7 4 8 . 2 3 5 1 •  4 1 0 0 •  6 0 4 4 •  8 2 4 4 1 . 0 7 0 8 . 8 1 5 3 •  8 6 1 5
•  5 8 6 5
5 5 5 . 0 3 6 7 - . 0 9 7 7 •  0 3 1 2 . 1 7 6 2 . 3 4 2 7 . 5 3 7 7 •  7 7 1 4 •  8 0 7 5 . 8 0 0 0
•  7 9 8 2 •  1 8 0 0
A l p h a  -  0 . 2 9 1 6  G r o w t h  R a t e  -  1 . 3 5 * M e a n  A g e  a t  B i r t h  o f  a l l  C h i l d r e n  -  3 2 . 6 3  




MEAN ACE AT 2 2  
B IR T H  OF ELDEST 
S U R VIV IN G  CHILDREN
2 3 2 4 2 5 2 6 2 7 2 8
2 9 3 0 3 1
1 0 1 . 3 9 1 3 . 0 8 5 5 •  1 2 6 6 . 1 6 8 7 •  2 1 2 8 . 2 5 9 3
•  3 0 8 5 •  3 6 0 2 •  4 1 4 0 •  4 6 9 4 . 5 2 5 9
1 5 1 . 5 4 6 8 . 0 1 5 3 •  0 8 6 0 . 1 5 7 7 . 2 3 1 1
. 3 0 6 5 •  3 8 4 0 . 4 6 3 0 •  5 4 3 2 •  6 2 4 2 •  6 8 9 6
? 0 1 . 7 5 6 9 - . 0 5 5 2 . 0 4 7 7 . 1 5 0 7 . 2 5 4 2
•  3 5 8 4 •  4 6 3 1 • 5 6 8 2 •  6 7 3 3 . 7 7 8 5 •  8 1 7 0
2 5 1 . 9 7 9 3 - . 0 9 5 8 . 0 3 5 3 •  1 6 5 1 . 2 9 4 2
. 4 2 2 7 . 5 5 0 7 •  6 7 8 4 •  8 0 5 8 •  9 3 3 2 . 9 0 1 9
3 0 2 . 2 1 8 0 - . 1 3 2 3 •  0 2 0 2 . 1 7 0 8 . 3 2 0 2
•  4 6 9 0 . 6 1 7 5 . 7 6 6 1 •  9 1 5 3 1 . 0 6 5 7
•  9 1 9 9
3 5 2 . 6 9 2 3 - . 1 5 4 9 . 0 1 1 1 . 1 7 5 8 •  3 4 0 0
. 5 0 4 4 . 6 7 0 2 •  8 3 8 3 1 . 0 1 0 0 1 . 1 3 2 0 •  9 1 5 8
4 0 2 . 8 2 8 3 - . 1 6 1 1 . 0 0 8 2 •  1 7 8 1 •  3 5 0 1
. 5 2 5 7 . 7 0 6 6 . 8 9 4 7 1 . 0 9 2 1 1 . 0 6 1 4 •  9 3 7 0
4 5 1 . 2 5 9 3 - . 2 1 4 2 - . 0 5 6 8 •  1 0 9 4 •  2 8 1 3
•  4 6 1 2 . 6 5 1 9 . 8 5 6 9 1 . 0 8 0 9 •  8 6 1 Q •  9 0 6 1
5 0 3 . 8 2 1 1 - . 1 9 9 1 - . 0 5 3 2 •  1 0 0 4 . 2 6 5 0
. 4 4 5 0 •  6 4 5 6 •  8 7 3 3 •  9 1 0 4 •  8 2 3 7
•  8 9 6 3
5 5 4 . 5 3 1 4 - . 1 8 7 1 - . 0 6 5 8 •  0 6 8 2 . 2 1 9 6
. 3 9 4 2 . 6 0 0 0 •  7 9 3 7 •  7 6 5 3 •  8 0 3 7 •  4 2 8 8
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TABLE A. 1 . 4 .  • ( C o n t in u e d )
FUNCTION E S T IM A T E D  I  1
l <2) O 2 | * N ) # 1 ( 3 0 )  D t l A  4 , u  1 . . .  -  7 3 0  A lp h a  ■  0 . 1 6 5 9  G r o w t h  R a t e  -  1 . 6 2 Z  M a a n  A g e  a t  B i r t h  o f  a l l  c h i l d r a n  •  3 2 . 3 9
CENTRAL ACC NT AN ACC AT 2 2
Or BIRTH OR ILDF.ST
RESPONDENTS SURVIV1NC CHILDREN
F IR S T  B IR T H  MEAN 
2 6  2 7
1 0 1 . 0 9 7 0 •  0 3 7 0 •  0 6 1 7 •  1 2 7 1 •  1 7 4 0 . 2 2 3 3 . 2 7 5 1
. 3 2 9 4 •  3 8 5 8 •  4 4 3 7 •  5 0 3 0
1 5 1 . 2 1 7 9 - . 0 6 0 6 •  0 1 5 4 . 0 9 1 9 . 1 6 9 8 •  2 4 9 4 •  3 3 0 7 •  4 1 3 4 •  4 9 7 1 •  5 8 1 3 • 6 6 6 0
2 0 1 . 3 9 0 9 - • 1 6 0 4 - . 0 5 0 3 . 0 5 9 3 •  1 6 6 9 •  2 7 8 5 •  3 8 8 2
•  4 9 7 7 •  6 0 6 8 •  7 1 5 3 •  8 2 3 2
2 5 1 . 5 7 6 1 - • 2 2 8 0 - . 0 8 7 8 . 0 5 0 1 . 1 8 6 2 •  3 2 0 9 • 4 5 4 3
•  5 8 6 4 •  7 1 7 4 •  6 4 7 4 •  9 4 0 5
3 0 1 . 7 7 6 8 - . 2 8 6 2 - . 1 2 3 8 . 0 3 5 4 •  1 9 2 0 •  3 4 6 6 •  4 9 9 8
•  6 5 1 7 •  8 0 2 9 •  9 5 3 9 •  9 9 7 6
3 5 2 . 0 1 0 2 - . 3 2 3 2 - . 1 4 7 7 •  0 2 4 6 •  1 9 4 7
•  3 6 3 4 •  5 3 1 6 •  7 0 0 1 •  8 7 0 4 1 . 0 4 3 5 •  9 9 8 5
4 0 2 . 3 0 0 5 - . 3 3 5 3 - . 1 5 8 8 . 0 1 6 0 •  1 9 0 7 •  3 6 6 8
. 5 4 5 8 •  7 2 9 3 •  9 1 9 3 1 . 1 1 8 2 . 9 3 5 5
4 5 2 . 6 8 5 0 - . 3 8 5 6 - . 2 1 9 9 - . 0 5 2 6 •  1 1 7 8
•  2 9 3 3 • 4 7 6 3 . 6 6 9 7 . 8 7 7 2 . 9 0 0 0 •  8 5 9 2
5 0 3 . 2 1 0 6 - . 3 4 1 5 - . 1 9 7 2 - . 0 4 8 3 . 1 0 7 9
. 2 7 5 1 . 4 5 7 7 •  6 6 1 0 •  8 9 1 9 . 8 1 0 0 •  8 5 1 6
5 5 3 . 9 2 1 8 - . 2 9 0 5 - . 1 7 5 8 - . 0 5 1 7 •  0 8 5 5 •  2 4 0 5




A l p h a  -  0 . 0 2 2 1  G r o w t h  R a te  -  2 . 0 0 Z  M e a n  A g e  a t  B i r t h  o f  a l l  C h i l d r e n  -  3 2 . 3 1
F IR S T  B IR T H  MEAN
MEAN ACE AT 




TABLE A .3 . 4 .  I ( C o n t i n u e d )
I  l ( 2 )  “  8 5 0  A l p h a  ■  > 0 . 1 5 2 1  G r o w t h  R a te  -  2 , 5 5 1  M e a n  A g e  a t  B i r t h  o f  a l l  C h i l d r e n  -  3 2 .3 7
FUNCTION ESTIM ATED « l ( J 2 U * ) / ! < » )  BETA -  1 . 0
F IR S T  B IR T H  MEAN
CENTRAL ACC KEAN ACE AT 
OF B IRTH OF ELDEST 
RESPONDENTS SURVIVINC CHILDREN
2 ? 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1
1 0 •  S P I O - . 0 7 2 6 - . 0 1 7 9 •  0 3 6 6 •  0 9 2 1 •  1 4 9 4 •  2 0 8 9 •  2 7 0 6 •  3 3 4 1 •  3 9 8 8 •  4 6 4 6
1 5 •  6 4 4 0 - . 2 2 7 7 - . 1 3 7 1 - . 0 4 6 8 •  0 4 3 9 •  1 3 5 3 . 2 2 7 7 •  3 2 0 8 •  4 1 4 2 •  S 0 7 3 . 5 9 9 9
2 0 . 7 4 1 0 - . 3 9 0 7 - . 2 6 0 1 - . 1 3 1 6 - . 0 0 4 7 •  1 2 0 7 •  2 4 4 8 •  3 6 7 2 •  4 8 7 6 •  6 0 5 9 •  7 2 1 7
? 5 . 0 « * 6 5 - . 6 1 6 8 - . 3 5 0 3 - . 1 8 8 5 - . 0 3 1 1 •  1 2 2 3 •  2 7 1 9 •  4 1 7 7 . 5 5 9 9 •  6 9 8 6 •  8 3 3 9
3 0 . < 9 6 1 2 - . 6 2 5 4 - . 4 3 1 9 - . 2 4 5 5 - . 0 6 5 4 •  1 0 9 0 •  2 7 8 5 •  4 4 3 1 •  6 0 3 4 . 7 5 9 9 •  9 1 3 2
3 5 1 . 0 9 5 6 - . 7 0 1 9 - . 4 9 3 2 - . 2 9 2 5 - . 0 9 8 9 •  0 8 8 5 •  2 7 0 5 •  4 4 8 1 •  6 2 2 4 •  7 9 4 6 •  9 6 6 2
4 0 1 . 2 6 4 8 - . 7 3 4 7 - . 5 2 7 0 - . 3 2 7 0 - . 1 3 3 2 •  0 5 6 0 •  2 4 2 2 •  4 2 6 9 •  6 1 1 8 •  7 9 8 7 •  9 8 9 8
4 5 1 . 4 9 5 7 - . 7 8 5 2 - . 5 9 5 2 - . 4 1 0 1 - . 2 2 8 2 - . 0 4 7 9 •  1 3 2 7 •  3 1 5 7 . 5 0 3 7 •  6 9 9 9 . 9 0 9 1
5 0 1 . 8 3 6 2 - . 6 9 5 9 - . 5 3 9 1 - . 3 6 4 8 - . 2 3 0 9 - . 0 7 4 9 •  0 8 6 3 •  2 S 6 3 •  4 3 9 6 •  6 4 1 7
•  6 1 0 2
5 5 2 . 3 6 6 5 - . 5 5 8 7 - . 4 4 6 6 - . 3 3 2 8 - . 2 1 4 6 - . 0 8 9 1 •  0 4 7 3 . 1 9 9 2 •  3 7 2 0 . 5 7 5 4 •  6 6 0 1
l ( 2 )  -  9 0 0 A l p h a  ■  - 0 3 8 3 4  G r o w t h  R a t e  - 3 . 1 S Z  M e a n
A g e  a t  B i r t h  o f  a l l  C h i l d r e n  -  3 2 2 3




MEAN ACE AT ? ?  
B IRTH OF ELDEST 
SURVIV INC CHILDREN
2 3 2 4 2 5 2 6 2 7 2 8
2 9 3 0 3 1
1 0 . 3 6 5 9 - . 1 3 4 6 - . 0 7 3 6 - . 0 1 3 0 •  0 4 8 4 •  1 1 1 3 •  1 7 6 1
•  2 4 2 9 •  3 1 1 3 •  3 8 0 7 •  4 5 0 9
1 5 •  4 0 3 3 - . 3 2 0 5 - . 2 1 9 9 - . 1 2 0 1 - . 0 2 0 6
. 0 7 9 2 •  1 7 9 3 •  2 7 9 6 •  3 7 9 6 •  4 7 8 7 •  5 7 6 5
2 0 •  4 6 4 4 - . 5 1 7 5 - . 3 7 2 4 - . 2 3 0 4 - . 0 9 1 1 •  0 4 5 6
•  1 7 9 8 •  3 1 1 2 . 4 3 9 5 •  5 6 4 4 •  6 8 5 6
2 5 . 5 3 1 7 - . 6 7 6 0 - . 4 8 9 8 - . 3 1 0 3 - . 1 3 6 9
•  0 3 0 4 •  1 9 2 1 •  3 4 8 2 •  4 9 8 6 •  6 4 3 6 •  7 8 3 3
3 0 . 6 0 4 9 - . 8 1 4 4 - . 5 9 5 9 - . 3 8 7 4 - . 1 0 0 2
•  0 0 2 6 •  1 8 5 4 •  3 6 0 7 •  5 2 9 0 . 6 9 0 6 •  6 4 6 3
3 5 . 6 9 0 5 - . 9 1 5 7 - . 6 7 7 5 - . 4 5 1 2 - . 2 3 6 0
- • 0 3 1 p •  1 6 4 9 •  3 5 2 6 •  5 3 3 4 •  7 0 8 6 . 8 7 9 5
4 0 . 7 9 7 5 - . 9 6 7 0 - . 7 2 7 6 - . 5 0 0 9 - . 2 8 5 3
- . 0 7 9 0 . 1 1 9 7 •  3 1 2 6 •  5 0 1 4 •  6 8 7 9 •  6 7 4 0
4 5 . 9 4 ? « - 1 . 0 3 4 1 - . 0 1 3 7 - . 6 0 3 4 - . 4 0 1 4
- . 2 0 5 7 - . 0 1 4 7 •  1 7 3 9 •  3 6 2 4 . 5 5 3 7 . 7 5 1 4
5 0 1 . 1 5 7 9 - . 9 3 0 5 - . 7 5 0 5 - . 5 7 7 8 - . 4 1 0 3
- . 2 4 5 8 - . 0 8 1 5 •  0 8 5 8 •  2 6 0 2 . 4 4 5 9 •  6 4 8 3
5 5 1 . 6 3 4 9 - . 7 4 4 * - . 6 2 0 3 - . 4 9 9 0
- . 3 7 « ! - . 2 5 5 0 - . 1 2 6 6 . 0 1 0 5 •  1 6 0 3 •  3 2 8 7
. 5 2 3 4
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TABLE A .3 . A . « ( C o n t in u e d )
FU NC TIO N  E S T IM A T E D  I  ( J 0 )  B E T A  -  1 . 3
l /1 4  -  6 5 0  A l p h a  -  0 . 6 2 0 2  C r o v t h  R a t«  -  0 . 6 9 Z  M e a n  A g a  a t  B i r t h  o f  a l l  C h i l d r e n  -  3 2 . 5 4
F IR S T  B IR T H  MEAN
CENTRAL ACE MEAN ACE AT 2 2  
OF BIRTH OF ELDEST 
RESPONDENTS SURVIVING CHILDREN
2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1
1 0  1 . 9 1 0 2 . 1 2 9 3 •  1 7 0 0 •  2 1 2 0 •  2 5 6 0 •  3 0 2 4 •  3 5 1 1 •  4 0 2 0 •  4 5 4 7 •  5 0 9 1 •  5 5 9 5
1 5  2 . 1 8 0 3 •  1 0 * 4 . 1 7 2 6 . 2 4 2 2 •  3 1 3 8 •  3 8 7 4 •  4 6 2 9 •  5 4 0 0 •  6 1 8 6 •  6 9 8 4 •  7 0 1 7
2 0  2 . 5 3 2 9 . 0 9 2 1 •  1 8 8 7 . 2 8 6 3 •  3 8 5 2 •  4 8 5 4 •  5 8 7 1 . 6 9 0 0 •  7 9 4 1 •  8 8 4 ? •  7 8 0 1
2 5  2 . 8 9 9 2 •  1 0 7 4 •  2 2 8 0 •  3 4 9 3 . 4 7 1 7 . 5 9 5 6 •  7 2 1 1 •  8 4 8 8 . 9 7 9 1 •  9 6 0 4 •  8 5 8 0
3 0  3 . 2 8 4 8 •  1 1 6 1 . 2 5 5 0 . 3 9 5 5 •  5 3 8 3 . 6 8 4 2 •  8 3 4 0 •  9 8 8 3 1 * 1 4 8 8 . 9 2 4 0 •  9 0 6 6
3 5  3 . 7 1 2 7 . 1 2 1 7 . 2 7 3 2 •  4 2 8 5 •  5 8 8 9 . 7 5 5 9 . 9 3 1 0 1 . 1 1 6 6 1 . 1 6 7 9 •  8 8 8 3 •  9 3 3 6
4 0  4 . 2 0 3 4 •  1 1 9 8 . 2 7 7 1 . 4 4 2 2 •  6 1 7 6 •  8 0 5 8 1 . 0 0 9 8 1 * 2 3 5 5 •  9 8 2 4 •  8 9 9 ? •  7 4 6 5
4 5  4 . 7 6 7 4 . 0 4 4 4 •  1 9 6 9 . 3 6 2 0 •  5 4 3 3 •  7 4 5 6 . 9 7 6 1 i . o s r * •  8 4 1 2 •  8 6 4 1 •  3 1 3 0
5 0  5 . 3 8 9 9 . 0 1 4 4 •  1 5 3 9 . 3 1 1 7 . 4 9 4 7 •  T i l l •  9 7 8 0 •  8 4 4 2 •  8 3 0 1 •  6 1 5 5 •  2 6 0 6
5 5  6 . 0 2 2 0 - . 0 4 0 7 . 0 7 4 0 •  2 1 1 1 . 3 7 9 2 •  5 9 4 8 . 7 7 7 1 •  8 1 9 4 •  7 8 1 8 •  4 0 7 5 •  3 4 6 5
l ( 2 )  •  8 0 0  A l p h a  -  0 . 2 3 6 6  G r o w t h  R . t .  -  1 . . 7 5 1  M a .n  A * ,  a t  B i r t h o f  a l l  C h i l d r e n  -  3 2 . 3 7
F IR S T  B IR T H  M E A N
CENTRAL AGE MEAN ACE AT 2 ?
OF B IRTH OF ELDEST 
RESPONDENTS SURVIVING CHILDREN
2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1
1 0  . 9 2 1 2 - . 0 4 1 1 •  0 1 4 2 . 0 6 9 3 •  1 2 5 4 •  1 8 3 0
. 2 4 2 5 . 3 0 3 7 •  3 6 6 3 •  4 3 0 1 •  4 9 4 6
1 5  1 . 0 5 5 7 - . 1 5 7 0 - . 0 6 9 0 . 0 1 8 7 •  1 0 6 7 •  1 9 5 6 •  2 8 5 4 •  3 7 5 8
•  4 6 6 5 . 5 5 7 3 •  6 4 8 0
2 0  1 . 2 5 9 7 - . 2 6 2 3 - . 1 4 1 1 - . 0 2 1 3 . 0 9 7 5 •  2 1 5 6 •  3 3 3 1 •  4 5 0 0
•  5 6 6 2 . 6 8 1 6 . 7 9 6 4
| 2 5  1 . 4 8 7 3 - . 3 2 5 3 - . 1 7 7 8 - . 0 3 3 0 •  1 0 9 6
•  2 S 0 4 . 3 9 0 0 . 5 2 8 4 •  6 6 6 2 •  8 0 3 8 •  9 4 1 6
3 0  1 . 7 4 2 1 - . 3 7 2 8 - . 2 0 9 2 - . 0 4 8 6 •  1 0 9 9 •  2 6 7 1 •  4 2 3 9
•  5 8 0 9 •  7 3 8 9 . 8 9 8 7 1 . 0 2 8 1
3 5  2 . 0 4 7 8 - . 3 9 3 2 - . 2 2 4 6 - . 0 5 7 6 •  1 0 8 7 . 2 7 5 5
•  4 4 4 4 •  6 1 6 5 •  7 9 3 7 . 9 7 8 1 1 . 0 1 2 3
4 0  2 . 4 3 8 9 - . 3 7 9 9 - . 2 1 8 7 - . 0 5 6 6 . 1 0 7 9
. 2 7 7 4 . 4 5 3 8 •  6 3 9 5 •  8 3 7 6 1 . 0 5 1 8 •  9 1 8 4
4 5  ? . 9 6 3 0 - . 3 8 4 3 - . 2 4 3 8 - . 0 9 7 0 . 0 5 6 3
. 2 1 9 3 •  3 9 4 9 •  5 8 7 8 •  8 0 4 0 •  9 0 3 0 . 8 1 8 9
I 5 0  1 . 6 6 5 3 - . 3 0 5 6 - . 1 b  7 9 - . 0 6 3 5 . 0 7 2 9
. 2 2 5 4 •  4 0 0 7 •  6 0 7 4 •  8 4 2 6 . 7 5 3 6 . 8 2 0 7
I  5 5  4 . 5 4 1 7 - . 2 3 4 8 - . 1 4 7 1 - . 0 4 7 2 •  0 6 9 5 . 2 0 9 5
•  3 8 2 9 •  6 0 4 2 •  7 2 3 4 . 7 5 0 5 •  4 1 3 8
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TABLE A. 3.4. I (Continued)
FUNCTION E S T IM A T E D  I  l ( j 2 | 4 l D / l O 0 >  B E T A  - 1 . 3
1 ^  •  9 0 0  A l p h a  •  - 0 . 1 6 8 9  G r o w t h  R a ta  ■  3 .0 0 X  H a a n  A g a  a t  B i r t h  o f  a l l  C h i l d r a n  •  3 2 . 1 3




MEAN ACE A T  2 2  
BIRTH OF ELDEST 
SURVIVING CHILDREN
2 3 2 4 2 S 2 6 2 7 2 8 2 9 3 0 3 1
1 0 . 4 0 7 « - . 1 9 1 2 - . 1 1 8 4 - . 0 4 6 7 •  0 2 5 1 •  0 9 7 S •  1 7 0 9 •  2 4 5 4 •  3 2 0 4 •  3 9 5 7 •  4 7 0 9
1 5 . 4 6 3 7 - . 3 7 7 5 - . 2 6 4 1 - . 1 5 2 7 - . 0 4 2 5 •  0 6 6 8 •  1 7 5 3 •  2 8 2 9 . 3 8 9 2 •  4 9 3 9 •  5 9 6 7
2 0 . 5 5 7 1 - . 5 5 8 4 - . 4 0 3 5 - . 2 5 2 7 - . 1 0 5 7 •  0 3 7 7 . 1 7 7 8 . 3 1 4 5 . 4 4 7 7 . 5 7 7 2 •  7 0 3 3
2 5 . 6 6 4 6 - . 6 8 9 9 - . 5 0 1 3 - . 3 1 9 8 - . 1 4 4 8 •  0 2 4 3 •  1 8 7 8 •  3 4 6 1 •  4 9 9 6 •  6 4 8 8 •  7 9 4 1
3 0 •  7 8 6 3 - . 7 9 5 5 - . 5 8 6 4 - . 3 8 6 3 - . 1 9 4 1 - . 0 0 8 8 •  1 7 0 4 •  3 4 4 3 •  5 1 3 8 •  6 7 9 8 •  8 4 3 2
3 5 •  9 3 4 3 - . 8 5 6 9 - . 6 4 3 8 - . 4 3 9 4 - . 2 4 2 5 - . 0 5 1 “ •  1 3 3 8 . 3 1 5 7 . 4 9 5 6 •  6 7 5 0 •  8 5 6 2
4 0 1 . 1 2 9 6 - . 8 5 4 5 - . 6 5 6 7 - . 4 6 6 0 - . 2 8 0 6 - . 0 9 8 7 . 0 8 1 9 •  2 6 3 1 •  4 4 7 3 . 6 3 6 9 •  8 3 4 9
4 5 1 . 4 1 0 8 - . 8 2 9 1 - . 6 6 4 2 - . 5 0 2 8 - . 3 4 2 9 - . 1 8 2 7 - • 0 2 0 1 •  1 4 7 6 •  3 2 3 7 •  5 1 2 5 •  7 1 9 7
5 0 1 . 8 5 2 5 - . 6 5 7 8 - • 5 3 4 1 - . 4 1 1 6 - . 2 8 8 6 - . 1 6 2 3 - . 0 2 9 3 •  1 1 4 7 . 2 7 5 7 •  4 6 0 6 •  6 7 9 0
5 5 2 . 5 7 1 8 - . 4 6 1 3 - . 3 8 2 3 - . 3 0 1 4 - . 2 1 5 9 - . 1 2 2 5 - . 0 1 7 1 •  1 0 5 7 •  2 S 3 5 • 4 3 7 5 . 5 7 7 1
BETA -  0 . 8
1 ( 2 )  •  6 5 0  A l p h a  -  0 . 2 6 2 6  C r o w t h  R a t a  -  1 . 4 2 X  M a a n  A g a  a t  B i r t h  o f  a l l  C h i l d r a n  -  3 2 . 7 2




MEAN ACE i l  
BIRTH OF ELDEST 
SURVIVING CHILDREN
2 ? 2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1
1 0 1 . 5 9 8 7 •  1 3 6 9 . 1 7 2 0 . 2 0 8 7 . 2 4 7 7 . 2 8 9 7 •  3 3 4 7 •  3 8 2 4 . 4 3 2 5 •  4 8 4 6
•  5 3 2 3
1 5 1 . 7 3 5 4 •  0 8 3 1 •  1 4 6 3 •  2 1 1 3 •  2 7 8 6 •  3 4 8 4 •  4 2 0 6 . 4 9 4 7 •  5 7 0 3 •  6 4 7 1 . 6 8 1 2
2 0 1 . 9 1 5 6 . 0 2 1 4 . 1 1 6 6 •  2 1 2 6 . 3 0 9 7 •  4 0 7 9 . 5 0 7 1 •  6 0 6 9 . 7 0 6 8 •  8 0 6 9
. 7 9 3 9
2 5 2 . 1 0 1 3 - . 0 1 6 9 . 1 0 7 8 •  2 3 1 6 •  3 5 5 0 •  4 7 8 0 •  6 0 0 7 . 7 2 3 0
•  8 4 4 7 •  9 6 6 0 •  8 6 8 7
3 0 2 . 2 9 7 1 - . 0 5 4 1 . 0 9 4 7 •  2 4 1 6 . 3 8 7 1 •  5 3 1 6 . 6 7 5 3 •  8 1 8 3 •  9 6 1 0
1 . 0 9 7 1 •  8 9 1 6
3 5 2 . 5 1 8 0 - . 0 7 9 0 •  0 8 7 4 . 2 5 1 7 . 4 1 4 5
. 5 7 6 4 •  7 3 8 2 •  9 0 0 6 1 . 0 6 4 4 1 * 1 2 4 6 . 9 3 5 5
4 0 2 . 7 8 4 2 - . 0 9 0 4 •  0 8 4 4 . 2 5 8 2 . 4 3 2 1 . 6 0 7 4 . 7 8 5 3 . 9 6 7 1 1 • 1 5 4 4
1 . 0 8 3 1 •  9 6 4 2
4 5 3 . 1 2 2 1 - . 1 6 4 0 •  0 1 0 3 •  1 8 6 1 . 3 6 5 0 •  5 4 8 6 . 7 3 9 2 •  9 3 9 1
1 . 1 5 1 7 . 9 1 7 ? •  9 3 9 8
5 0 3 . 5 6 4 9 - . 1 6 6 1 - . 0 0 3 2 •  1 6 4 7 . 3 4 0 6 . 5 2 7 5 •  7 2 9 3
. 9 5 0 6 1 . 0 3 7 5 •  8 5 3 9 . 9 3 4 9
5 5 4 . 1 4 5 0 - . 1  7 7 6 - . 0 3 5 7 •  1 1 6 8 . 2 8 3 3 •  4 6 8 1
•  6 7 6 9 . 9 1 7 2 •  8 0 4 5 •  8 3 2 3 . 7 5 8 3
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TABLE A .3 . 4 .  I ( C o n t in u e d )
1( 2 )  -  8 0 0  A lp h a  -  - 0 . 1 2 1 0  C r o w t h  R a t#  -  2 . 1 7 E  M e a n  A g a  a t  B i r t h  o (  a l l  C h i l d r e n  -  2 2 . 5 0
FUNCTION ESTIMATED * l ( 3 2 | H I ) / l  ( 3 0 )  “ TA "  0 , #




MEAN ACE AT 2 2  
BIRTH OF ELDEST 
SURVIVING CHILDREN
2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1
1 0 •  7 6 * 7 0 •  0 0 9 6 •  0 5 2 8 •  0 9 6 6 •  1 6 1 8 •  1 8 9 6 •  2 4 0 3 . 2 9 3 7 •  3 4 9 6 •  4 0 7 4 •  4 6 6 8
1 5 •  S 3 A 2 - . 1 1 9 2 - • 0 * 3 6 •  0 3 3 0 •  1 1 0 8 •  1 9 0 3 . 2 7 1 9 •  3 5 5 2 • 4 3 9 5 •  5 2 4 5 •  6 0 9 8
2 0 •  0 3 0 8 - . 2 6 3 6 — • 1 A 9 9 - . 0 3 6 8 . 0 7 5 9 •  1 8 6 5 •  3 0 1 0 •  4 1 2 9 •  5 2 4 0 •  6 3 3 7 •  7 4 1 9
2 5 1 . 0 3 3 1 - . 3 7 9 6 - . 2 2 9 8 - . 0 8 3 2 •  0 6 0 5 •  2 0 1 6 •  3 4 0 3 • 6 7 6 2 •  6 0 9 4 i  7 3 9 9 •  8 6 7 5
3 0 1 •  1 A ? 0 - • « ♦ 8 4 0 - • 3 0 A 6 - . 1 3 0 7 •  0 3 8 2 •  2 0 2 6 •  3 6 2 8 •  5 1 9 0 •  6 7 1 2 •  0 1 9 8 •  9 6 5 2
3 5 1 . 2 6 5 9 - . 5 6 0 9 - . 3 6 0 7 - . 1 6 7 6 . 0 1 9 5 •  2 0 0 6 •  3 7 6 6 •  5 4 8 1 •  7 1 5 8 •  8 8 0 8 1 . 0 4 3 9
AO 1 . 6 1 7 9 - . 6 0 2 6 - . 3 9 4 * - . 1 9 4 1 - . 0 0 0 1 •  1 8 8 8 •  3 7 4 0 •  5 5 6 5 •  7 3 7 5 •  9 1 8 6 1 * 1 0 1 3
4 5 1 . 6 1 8 2 - . 6 8 5 7 - . 4 8 3 7 - . 2 8 7 3 - . 0 9 5 3 •  0 9 3 8 •  2 8 1 7 •  6 7 0 1 •  6 6 1 0 •  8 5 7 3 •  9 9 9 4
5 0 1 . 9 0 1 3 - . 6 5 2 5 - . 4 7 3 7 - . 2 9 8 2 - . 1 2 4 2 . 0 5 0 7 •  2 2 9 2 •  4 1 4 4 •  6 0 9 9 . 8 1 9 7 •  8 8 8 3
5 5 2 . 3 2 3 9 - . 5 8 1 6 - . 6 6 1 0 - . 2 9 9 3 - . 1 5 3 7 - . 0 0 1 6 •  1 6 0 1 •  3 3 S 3 •  5 2 8 7 •  7 4 6 9
•  7 3 6 7
1 ( 2 )  *  9 0 0 A l p h a  ■  - 0 . 5 2 6 5  G r o w t h  R a t e  -
3 . 2 5 Z  M e a n  A g a  a t  B i r t h  o f  a l l  C h i l d r e n  -  3 2 . 2 7




MEAN ACE AT 2 ?  
BIRTH OF ELDEST 
SURVIVINC CHILDREN
2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0 3 1
1 0 . 3 4 0 2 — • 0 8 8 4 - . 0 3 7 0 •  0 1 6 3 •  0 6 6 8 •  1 2 1 5
•  1 7 8 8 . 2 3 8 7 •  3 0 0 9 •  3 6 4 9 • 4 3 0 2
1 5 . 3 6 7 5 - . 2 6 9 3 - . 1 8 0 5 - . 0 9 1 8 - . 0 0 2 5 •  0 8 8 1 •  1 8 0 0
•  2 7 3 0 •  3 6 6 5 •  4 6 0 0 . 5 5 2 9
2 0 •  A 1 1 1 - . 6 7 2 9 - . 3 3 9 5 - . 2 0 8 1 - . 0 7 8 4 . 0 4 9 9 •  1 7 6 8
•  3 0 1 8 . 4 2 4 4 •  5 4 4 4 •  6 6 1 2
2 5 •  4 5 8 ? — « 6 6 6 1 - . 4 6 8 7 - . 2 9 6 8 - . 1 3 0 2 •  0 3 1 3
•  1 8 7 9 •  3 3 9 4 •  4 8 5 6 •  6 2 6 4 •  7 6 1 8
3 0 . 5 0 8 1 - . 8 0 2 7 - . 5 8 6 8 - . 3 8 0 4 - . 1 8 2 8
•  0 0 6 4 •  1 8 7 5 •  3 6 0 7 •  5 2 6 1 •  6 8 3 8 . 8 3 4 2
3 5 . 5 6 A 5 — . 9 2 3 A - . 6 7 7 6 - . 4 4 4 6 - . 2 2 3 7
- • 0 1 4 4 . 1 8 4 1 . 3 7 2 4 . 5 5 1 5 •  7 2 2 3 •  8 8 5 6
AO . 6 3 2 9 - . 9 9 7 3 - . 7 3 6 6 - . 4 9 1 5 - . 2 6 0 7 - . 0 4 2 6
•  1 6 4 3 •  3 6 1 3 •  5 5 0 0 •  7 3 1 7 •  9 0 8 1
A 5 . 7 2 2 1 - 1 . 1 2 0 2 - . 8 6 0 9 - . 6 1 7 0 - . 3 8 6 4 - • 1 6 7 6
. 0 4 1 4 •  2 4 2 6 . 4 3 7 9 •  6 2 9 7 •  8 2 0 7
5 0 •  8 4 7 6 - 1 . 0 9 2 6 - . 8 6 2 3 - . 6 4 5 0 - . 4 3 8 6 - . 2 4 0 6
— . 0 4 8 4 •  1 4 0 9 •  3 3 0 3 •  5 2 3 3 . 7 2 3 7
5 5 1 . 0 3 6 9 - . 9 7 8 1 - . 8 0 1 9 - . 6 3 3 3 - . 4 7 0 0 - . 3 0 9 0
- . 1 4 7 7 •  0 1 6 5 •  1 8 7 0 . 3 6 7 6 •  5 6 3 6
A p p en d ix  4.1
A  C o m p u te r  P rogram m e fo r  C a lc u la tin g  A d ju s tm e n t W eigh ts  fo r  U se w ith  
R e p o rts  o f W idowhood
P rog ram m e W IDOW  estim ates  w e ig h ts  fo r in te rp o la t in g  betw een  
p ro p o rt io n s  w id o w ed  in  a d ja c e n t age g ro u p s  to g iv e  a life  ta b le  s u r v i ­
v o r s h ip  p ro b a b il i ty .  T h e  p ro gram m e w ill  be d e s c r ib e d  fo r w id o w io o d ,  
th a t is  fo r  fem ale re s p o n d e n ts . N um erous m in or chan ges  a re  needed  
to c a lc u la te  w e ig h ts  fo r w id o w e rh o o d . T h e  pgoram m e has tw o m ain  p a r ts ,  
one c a lc u la t in g  p ro p o rtio n s  not w idow ed  fo r a ra n g e  o f e x p o s u res  to 
r is k ,  a n d  the o th e r u s in g  the e x p o s u re  to r is k  to estim ate  the p ro p o rtio n  
not w id o w e d  in  an age g ro u p . D e ta ils  o f the c a lcu la tio n s  h ave  been  
d e s c r ib e d  in C h a p te r  4 , so o n ly  an o u tlin e  w ill  be g iv e n  h e re .
T h e  bas ic  m o rta lity  m o d e l, the m ale m a rr ia g e  d is tr ib u t io n , and  
the  m o rta lity  p a ra m e te rs , a re  read  in  ( lin e s  5 to 8 ) .  T h e  re q u ire d  
m odel life  tab le  is c o n s tru c te d , and a set o f age d is tr ib u t io n  fac to rs  
is d e r iv e d  from  it and  the g ro w th  ra te  ( lin e s  9 to 1 6 ). T w o  life  
ta b le  fa c to rs , fo r use in  c a lc u la tin g  the w e ig h ts , a re  then ca lcu la te d  
( l in e s  17 to 2 2 ) .  L in es  23 to 37 then  w o rk  out and sum e le m e n ts  
o f th e  in te g ra ls  in  equ a tio n  4 .1 ,  and ca lcu la te  the  p op u la tio n  m ean  
o f th e  m ale m a rr ia g e  d is t r ib u t io n . T h e  c a lcu la tio n s  a re  ju s t  the  
same as those in the p ro g ram m e fo r d e v e lo p in g  w e ig h ts  fo r f irs tb o rn  
c h i ld r e n .  T h e  section  from  lin e  38 to line  100 is rep eated  fo r 10 
p o in t  va lues  o f age at fem ale m a rr ia g e , and w ith in  it the section  from  
lin e  39 to lin e  67 is rep ea ted  fo r 17 d if fe re n t  locations of the  
m ale  m a rr ia g e  d is tr ib u t io n . L in es  40 to 43 e v a lu a te  equ a tio n  4 .1  
fo r  d if fe re n t  e x p o s u res  to r is k .  From  lin e  44 to 66, the p ro p o rtio n s  
not w id o w e d  a re  w e ig h te d  in to  fiv e  y e a r  age g ro u p s  of resp on den ts  fo r
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d if fe r e n t  p o in t ages o f fem ale  m a rr ia g e ;  the  c a lc u la tio n s  a re  d es c rib e d  
in  sec tio n  H.7.  T h e  p ro p o rtio n s  n o t w id o w e d  a re  fo r  ro u n d  ages of 
the  s ta r t  o f  the  m ale m a rr ia g e  d is t r ib u t io n ,  w h e re as  i t  is  c o n v e n ie n t  
to w o rk  w ith  ro u n d  v a lu e s  o f the m ale  m ean . T h u s  th e  lin e s  from  68 to 
75 c o n v e rt  the  p ro p o rtio n s  to ro u n d  v a lu e s  o f the p o p u la tio n  m ean of 
m ale m a r r ia g e . T h e  w e ig h ts  th e m s e lv e s  a re  th e r  c a lc u la te d , the  
e s tim a tin g  e q u a tio n  used b e in g  s u ita b le  fo r  the fem ale  m ean age at 
m a rr ia g e  ( l in e s  76 to 8 1 ) .  L in e s  82 to 86 e n s u re  th a t each  u n it  
v a lu e  o f the  m ale  m ean o c c u rs  at le a s t o n ce . T h e  p ro g ram m e  co n c lu d es , 
fro m  lin e  88 o n w a rd s , w ith  a ra th e r  com plica ted  p r in t in g  ro u tin e , and  
once th a t is co m p le te , it re tu r n s  to lin e  7 to read  in  a new  set o f  
s ta b le  p o p u la tio n  p a ra m e te rs .
F o r th e  p ro g ram m e to ru n  fo r  w id o w h o o d , a lo t o f m in o r changes a re  
n e e d e d . B ecause  m ales m a r ry  la te r ,  the age g ro u p s  o f resp on den ts  
c o v e re d  ru n  fro m  25 to 70 in s te a d  o f 20 to 6 5 . T h e  p o in t ages at 
w h ic h  re s p o n d e n ts  m a r ry  a re  o ld e r ,  and the ran g e  o f  the m a rr ia g e  d is t r i ­
b u tio n  o f th e ir  spouses is  y o u n g e r . T h is  m akes fo r  a la rg e  n u m b e r o f c h a n g e s  
of d im e n s io n s  and the  ra n g e s  o f lo o p s , b u t no fun dam en ta l changes a re  
n e e d e d .
L is t  o f M a in  V a r ia b le s
Y S  ( I) : the s ta n d a rd  lo g it v a lu e s  o f the B rass  model life
X M A R ( I)
B E T A
tab le  s y s te m .
: the m ale  m a rr ia g e  d is t r ib u t io n .
: the second p a ra m e te r o f th e  B rass model life  ta b le
X L2
R A TE
s y s te m .
: the l ife  tab le  s u rv iv o rs  to age 2 . 
: the  ra te  o f p op u la tio n  g ro w th .
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A L P H A
X L  ( I )
W ( l)
CON S T  1 ( I)  
C O N S T 2  ( I)  
PRO  
S U M I ( I )
X M E A N  ( I)
PI (J) :
PRO D ( I , IM )
M EAN
Q U O T ( I)
W E IC H T I ( I ,M E A N )  
W E IC H T 2  (I .M E A N )
: the  f i r s t  p a ra m e te r o f the B ra s s  model life  tab le  
s y s te m .
: life  ta b le  s u r v iv o rs  to age I.
: an age  d is tr ib u t io n  fa c to r .
: ' ( N + 5 ) / l (2 2 i)
: l (N + 5 ) / ' ( 2 7 i )
: e lem en ts  o f the n u m era to r o f e q u a tio n  4 .1 .
: the sum o f these e lem ents , a p p ro x im a tin g  the  va lue  
o f th e  in te g ra l.
: the  mean age at m ale m a rr ia g e  in  the s ta b le  p o p u la tio n . 
: th e  p ro p ro tio n  not w idow ed  a f t e r  e x a c tly  J y e a rs  
o f m a rr ia g e  w hen  m ale m a r r y in g  s ta rts  at age IM .
: T h e  p ro p o rtio n  not w ido w ed  in  the fiv e  y e a r  age 
g ro u p  e n d in g  at exact age I ,  w hen  m ale m a rry in g  
s ta r ts  at IM .
: an  in te g e r v a lu e  o f the mean a g e  at m ale m a rr ia g e  
in  the  s tab le  p o p u la tio n .
: th e  p ro p o rtio n  not w idow ed b y  age g ro u p  fo r  in te g e r  
v a lu e s  of the mean age at m a le  m a rr ia g e  in  the 
s ta b le  p o p u la tio n .
: w e ig h ts  fo r  es tim a tin g  e q u a tio n  4 .2 .












PPOf.RAM * ICO'« ( INOUÏ .OUTPUT . T APE5=INPUT « T APE6 =OUT°UT )
DI  .-«CMS f ON Y S ( 1 00) »CONST 1 ( 1 0 0 )  * XMAW <A0 > »OI ( 100 ) « WE IGHT 1 < 65» 3A) .CONST 
1T<?( 100)  »Si O' 1 (100)  » W ( 100 ) » ME IGHT 2 ( 6 5 * 3 0 )  »XL ( 100)  »°RUO ( 7 0 . 2 6 )  » XMEAN (26)
? : j M  .Cj UOT ( 7 0 )
OEAD(S. )CU)  ( YS( 1 ) . 1 = 1 . 0 6 )
OEA!) ( 5 .  I 00) (X"AO ( I ) » 1 = 1 .AO)
1 oË‘VO ( 5 . 1  y0) RETA.XL2.WATE 
I F (O O P( R ) . ME .O )  STOP 
A = ( 1 , 0 - X L? ) /X L ?
ALPHA = AL()(î  ( A) / 2 . 0  -  RE T A* YS ( 2 )
DO 2 I = 1 . 5 6  
F I  = I
y = aL ‘5HA ♦ r F T A * Y S ( I )
XL <I ) = 1 . 1 / ( 1 . 0 * E X P ( 2 . 0 * Y >  >
U ( I )  = XL ( T) / E X P (FIBRATE)
? CO1 1 1 1 '"Ir
A = ( XL (22)  *XL ( 2 D  ) / 2 . P
H = ( X I ( ? 7 ) * X L ( 2 0 ) ) / 2 . 0  
00 1 I = 0 0 . 6 5 . 5  
CONSTI ( I )  = « l . d  * 5 ) /A
CONST ? ( I ) = X L  ( 1 * 5 ) /IH
;« c o u t  i n d e
DO >. 1 = 7 . 8 e.
SUM = 0 . 0  
S U M I (1) = 0 . 0  
r>0 5 J = l . “ 0 
K = l . J  
Î F ( K - 5 6 )  6 * 5 * 5  
6  FK = K
FJ = J „
FAC = ( «L(K)  ♦ X L ( K - l ) ) / 2 . 0
P D F )  =  « ‘M P I  J ) * F A C / F X O ( F J * R A T E )
SUM I (1 ) = SU'11 ( T ) ♦ pP(1 
SU'! = S*IM ♦ PPO« (Fk - 0 . 5 )
? T F ( Î ! l E : ? ô > XMFAN(I)  = S UM / SUR1 ( I >
A CONTINUE
M  7  «S = 15 . 2«
00 16 T 'I = 10 .26  
no R J -  1 . 60  
K  = IM ♦ J
o \ ( j )  = SU« 1 ( K ) / S U M I ( IM)
R CONTINUE
■i = 1 s
RO O I = ¿ 0 . 7 0 * 5
i r  ( T s . l . T . / r )  r.o TO 1 7
POiin (2 3 « T*-’ ) = 1 * 0
t r ( 1 . ' . ' )  . c 1 * MO Tí^ P
1 1 ^ i 1 1 S • * -
'A i a-> r  « J
1 " t f ( . 1- . , i s )  c.o r o  11
IM = i * i - î 5
= ) .  -»•<)♦ 1 ) » P I  (N«
-4 = ‘S ( •* ) ♦
st . . -  M ♦ û /z ' .O
S'J • j  -  s U 3 ♦ •-* /  ?  • 0
I '•
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no TO 10 
= SI itl/SUM?
-  GIJOT ( 1 * 5 ) ) /  (QUOT ( I  > -  QUOT ( 1 * 5 ) )
MM = M♦1 -  1 S 
A = *  ( ») *>-*T ( MM-1 ) 
b = W( !> ♦ W(M*1>
SUM = SUM ♦ A / 2 . 1
SO” ? = SUM 2 ♦ £»/?.(•
M*M. 1
! F  (  ' . N E .  I  >
=>r?00  ( 1 * 1 *-’ »
CONTINUE 
CONI1NUE
00 30 IM = 1 0 ,¿>5 
MPA*! = X H E A U d « )  ♦ 1 . 0  
Fur  AN = «•¿ON 
OIFF = KMCAU(IM) -  FMEAN 
FAC = 0 I F F / ( X M E A J ( I M ) - X M E A N ( I M » 1 ) >
DO 31 I  = 2 0 . 7 0 . 5
' IUOT( I )  = PrlOO ( I . IM) *  ( 1 . 0 -F AC)  ♦ FAC*F>MOO(I , IM»n
CONTINUE
OC 14 1 = 2 0» 6 b * 5 
1 F ( I S - 2 0 > 2 0 . 2 0 . ¿ 2  
WEIGHT I ( I .MEAN) = ( CONST 1 ( 1 )
I F U S . N E . 2 1 »  GO TO 14
WEIGHT?( I .MEAN) = ( CONST2 ( I ) -QUOT( 1 * 5 ) > / (OUOT( I ) -OUOT( 1 * 5 ) >
CONTINUE
MEAN 1 = XMFAN(1M*1> ♦ 1 .0
I F i  C*EAM1-  - E A M ) , L E . 1> GO TO 30
OIFF = O I F F —1 . 0
«/•£ Aj-| = '■‘ EAN ♦ 1
GO TO 39  
CONTINUE 
w? IT £ (4 » 2 31 >
I F ( 1 S - ? 0  I 3 2 . 3 2 . 3 4  
. ' T T P ( G , 2 3 T )
00 3b ' 'PAN =
WP I TF ( * • • / "  2»
CONI INilF
i f  ( i s . - ' v i . ? n i
GO TO 7
v;: i r - ( . • . .?: • *  >
:io 36 m e a n  =
•<..?T T ~  ( r. .  ? r 2 ) IS 
Cf: NT (M»F
1 9 . 3 0
I S . ’-’E AN. (WEIGHT 1 ( I  .MEAN) . 1 = 2 0 . 6 5 . 5 »
GO TO 34
1 9, 30
EAii. (WF.IGHT2 ( I  .MEAN» . 1 =2 0 . 6 5 . 5 »
l ?.  ^ ~ 1 • U i ( 1 4 )
r r AT ( | * 1 . - h a l h h A !
! i '  * T-  = ,1- - .  4 . / | X
?.  <4 . /  t *' < . 1
?•** | r*Cj *&r ( / / « ; > ,  ?  c  hCENT1
|M
^  • - i . / l  i s .  31
uT ( / I | 4 . 1“ . 2 7 . 1
•• ! ( / l  ” . 1 .**1 Cl . '
/ * r , n  t  j •*' * A T ( /  | » t  .  1 U H 1 ( N ♦ 1
AT ,r>
9FTA = . F 5 . 4 . 9 H  XL2 = » F 8 . 4 . 1 0 H
MALE . 77H
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A ppendix  4.2
F u ll W e ig h ts  fo r  C o n v e rt in g  P ro p o rtio n s  W idow ed in to  L ife  T a b le  Functions
T h e  fu ll set o f  w e ig h ts  fo r  c o n v e rtin g  p ro p o rtio n s  w id o w ed  into life  
tab le  fu n c tio n s , fo r  a ran ge  o f resp on den ts ' and spouses ' mean ages at 
m a r r ia g e , is re p ro d u c e d  in  T a b le  A . 4 .2 .  T h e  m o rta lity  m odel used  
th ro u g h o u t has an I o f 800 and beta o f 1 .0 0 ; the im p lie d  va lu e  
o f a lp h a  is 0 .0 2 2 1 . T h e  p o p u la tio n  g ro w th  rate  is  taken  as two p e r  
cen t p e r  an n u m , c o n s is te n t w ith  a total fe r t i l i t y  ra te  o f 6 .0 .  T h e  
m a rr ia g e  d is tr ib u t io n s  used a re  d es c rib e d  in  C h a p te r  4 . T h e  means 
re fe r r e d  to in the  tab les  a re  a lso  d es c rib e d  in C h a p te r  4.
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A p p en d ix  4 .2
Full Weights for Converting Proportions Widowed into Life Table Functions
The full set of weights for converting proportions widowed into life 
table functions, for a range of respondents' and spouses' mean ages at 
marriage, is reproduced in Table A. 4.2. The mortality model used 
throughout has an I ^  of 800 and beta of 1 0 °; the implied value 
of alpha is 0.0221. The population growth rate is taken as two per 
cent per annum, consistent with a total fertility rate of 6.0. The 
marriage distributions used are described in Chapter 4. The means 
referred to in the tables are also described in Chapter 4.
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T A B L E  A . A .  2 .  j  F U L L  W E 1 C H T S  FO R  C O N V E K l'IN G  P R U l 'U R tIO N S  W IDOW ED IN T O  L I F E  T A B L E  FU N C TIO N S
WIDOWHOOD
FUNCTION ESTIMATED I l ( u + S ) / l ( 2 2 l)
Fem ale Mean ■  IS
CENTRAL AGE OF WOMEN
KALE
MEAN
20 25 30 35 40 45 50 33 60 65
1 * • 9 1 * 0 . 6 5 4 4 • 4 4 9 2 . 8 8 1 9 . 7 7 8 5 • 7 2 1 1 • 6 4 7 1 . 5 8 2 9 • 4 7 8 1 • 3 8 1 3
? 0 . 9  1 6 3 .  9 0 . 11 . 9 0 8 3 . 8 9 * 3 . 8 7 2 8 . 8 3 7 0 . 7 8 4 1 . 7 3 7 7 • 6 4 8 1 • 5 6 1 3
• 9 5 ^ 4 . 9 4 4 3 . 9 6 0 6 • 9 6 S 0 . 9 6 1 9 . 9 4 7 6 • 9 1 5 5 . 8 8 7 3 • 8 1 4 4 . 7 4 0 5
2 ? . 9 7 7 2 . 9 7 h 6 1 . 0 0 6 4 1 . 0 2 8 7 1 . 0 4 6 2 1 . 0 5 3 3 1 . 0 4 2 2 1 . 0 3 2 5 . 9 7 8 2 . 9 2 0 7
? ! .  0 9  l  A l .  0 0 * 6 l .  0 4 8 « * 1 . 0 8 8 S 1 . 1 2 6 8 1 . 1 5 5 1 1 . 1 6 4 8 1 . 1 7 4 3 1 . 1 4 0 9 1 . 1 0 3 6
? 4 1 . n o ? 6 1 . 0 3 0 0 1 . 0 * 5 9 1 . 1 4 5 4 1 . 2 0 4 3 1 . 2 5 3 6 1 . 2 8 4 3 1 . 3 1 3 8 1 . 3 0 4 3 1 . 2 9 1 2
1 . 4 1 0 7 1 . O S n . ) 1 . 1 2 1 5 1 . 2 0 0 5 1 . 2 7 9 9 1 . 3 4 9 9 1 . 4 0 1 5 1 . 4 5 2 5 1 . 4 6 9 8 1 . 4 8 6 4
l  • i 6 6 1 # o s m . 1 . 1 5 6 6 1 • 2 8 5 2 1 . 3 5 4 6 1 .  9 1 . 5 1 7 4 1 . 5 9 1 7 1 . 6 3 9 2 1 . 6 9 2 4
2 7 l . « 2 2 3 l  . 0 * f > 9 1 . 1 9 2 5 1 . 1 1 0 3 1 . 4 2 9 2 1 . 5 3 9 4 1 . 6 3 2 9 1 . 7 3 3 0 1 . 8 1 4 6 1 . 9 1 3 4
?M 1• 4 ? 7 3 1 .  1 0 * 4 1 . 2 2 9 9 1 . 3 6 * 5 1 . 5 0 4 3 1 . 6 3 4 2 1 . 7 4 9 1 1 . 8 7 8 0 1 . 9 9 8 1 2 . 1 5 4 8
? Q 1 . ? 3 3 3 1 . 1 2 7 7 1 . 2 6 9 1 1 . 4 2 * 1 1 • 5 8 0 2 1 . 7 2 9 4 1 . 8 6 6 8 2 . 0 2 8 0 2 . 1 9 2 2 2 . 4 2 2 8
3 0 1 . 0 4 0 2 1 . 1 5 0 6 1 . 7 1 0 1 1 . 4 8 2 8 1 . 6 5 6 8 1 . 8 2 5 4 1 . 9 9 6 9 2 . 1 8 4 2 2 . 4 0 0 1 2 . 7 2 5 1
Fem ale Mean » 16
v a i . f ? 0 2 5
Cf c NT* M-
3 0
61, E 0 *  WOMEN
J 5  4 0 4 5 5 0 5 5 6 0 6 5
'1C- AK|
1 9 . 7 9 8 9 . * • 5 5 8 . 4 5 1 0 • * ¿ 5 * . 5 9 2 6 . 5 2 4  2 . 4 4 7 9 . 3 6 1 8
. 2 7 5 1 • 1 8 0 5
? . r • * 2 6 8 .  7  0 <* 2 . 7 1 1 3 . 7 0  2 2 . 6 8 0 2
• 6 4 4 4 . 5 8 9 7 • 5 4 1 2 . 4 4 8 9 . 3 6 1 4
* \ . B « R 7 . 7 * ^ 6 • 7 6 6 0 . 7 7 3 0
. 7 7 2 4 . 7 5 9 0 . 7 2 5 6 • 6 9 4 8 . 6 1 7 7 • 5 4 0 1
? ? . M * *  0 . 7 8 0 5 . 8 1 2 8 . 8 3 5 1 . « 6 0 0
• 8 6 8 6 • 8 5 6 2 • 8 4 3 5 • 7 8 2 8 • 7 1 6 0
2 1 . 8 4 3 7 * . 8 0 9 5 . 8 C S 8 . « 0 1 ?
. 9 4 3 7 . 9 7 4 0 • 9 8 2 3 . 9 8 7 9 . 9 4 5 5 . 8 9 6 6
? • * . 8 9 5 9 • 8 3 3 7 . 8 9 5 2 . 4 * 0 5
1 . 0 2 4 4 1 . 0 7 5 8 1 . 1 0 4 6 1 . 1 2 9 2 1 . 1 0 7 3 1 . 0 7 8 3
2 5 . 4 0 5 0 .  8 5 4 8 . 9  3 2 6 1 . 0 1 * 1 1 . 1 0 3 0
1 . 1 7 S 2 1 . 2 2 4 5 1 . 2 o 8 5 1 . 2 6 9 8 1 . 2 6 4 7
. 9 1 2 1 .  8  ' 4 8 . 9 4 9 5 l . " 7 r>3 1 . 1 8 0 6
1 . 2 7 * 4 1 . 1 4 2 5 1 . 4 0 7 3 1 . 4 3 4 7 1 . 4 5 8 6
’ 7 . 4 1 8 2 . 8 9  »A 1 . 0 0  7 ? 1 .  1 3 ^ 4
l  . ? 5 d 0 1 • 3 6 9 4 1 . 4 5 * 6 1 . 5 4 6 6 1 . 6 0 3 7 1 . 6 6 3 5
. 9 2 * 4  . . 9  1 5 * 1 . 0 6 6 1 . 1 4 1 7 1 .  U S  7 I . A 6 6 7
1 . 5 7 6 5 1 . 0 6 8 6 1 . 7 7 8 7 1 . 8 8 3 4
2 0 . 9 3 1 5 .  9 3 ' 4 l . 0 8 6 0 1 . 2 5 1 8
1 . u l 4 0 1 . 5 6 3 7 1 . 6 9 4 0 1 . 8 3 4 0 1 . 9 6 1 8 2 .  1 2 3 4
3 0 . 9 3 0 6 . 9 4 2 5 1 .  1 3  1 1 1 . 3 1 3 1
1 . « 9 2 P 1 . 6 6 1 0 1 . 8 1 2 * 1 . 9 8 4 1 2 . 1 5 5 2 2 . 3 6 9 8
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T A B L E  A . 4 . 2 .  :  ( C o n t i n u e d )
WIDOWHOOD
FUNCTION ESTIMATED I 1 ( N ^ ) 71 (22J ) 
Fem ale Mean -  17
N A UM£AN 20 ? 5 CF.NTPAL30 A GE Of 35 WOMEN40 50 5 5 60 6 51*7 .A 1 1 S • 4 S 7  1 .4 5 0 6 .4 2 5 0 • 3 810 • 3 206 • 2 4 1 6 .1 7 4 3 .0 6 6 8 - .0 2 2 920 .  A » * l .9 0 4 9 . c 116 .5 0 3 3 .4 8 1 5 .3 8 8 5 • 3 3 8 9 .2 6 5 3 .1 6 0 5?1 • 70H0 .  94 A 0 .5 6 6 1 .5 7 6 0 .5 7 6 7 .S b K S .5 2 9 2 .4 9 7 1 .6 1 7 9 .3 6 0 2
2? . 7  29«. .  9.4 C 9 . a 150 .  6 4 4 0 .6 6 7 3 .6 7 7 2 • 6 6 4 2 .6 4 9 0 .5 8 5 7 .5 1 7 6
?-\ .7 4 6 7 .  A 1 A ? .6 5 9 2 . 7 0  62 .7 5 4 1 .7 8 6 * .7 9 4 3 .7 9 7 7 .7 6 9 8 .6 9 6 32** .7 6 0 2 .* 1 4 9 .6 9 9 9 • 769b .6 3 7 8 .9 2 0 3 .9 4 1 8 .9 1 1 6 .8 7 1 925 .7 7 0 4 .  * 5 4 A • 73P7 .8 2 9 4 .9 1 9 5 .9 9 * 7 1 .0 4 3 2 1 .0 8 2 9 1 .0 7 2 7 1 .0 5 2 2¿ a .7 7 h S .6 7 7 0 .7 7 7 1 .  h 890 1 .0 0 0 2 1 .0 9 S 6 1 .1 6 3 9 1 .2 2 2 5 1 .2 3 6 7 1 .2 3 7 6
27 .7 * 5 6 .6 9 7 6 .8 1 6 4 .9 4 9 1 1 • 0 8 0 5 1 .1 9 5 6 1 .2 8 3 1 1 .3 6 1 7 1 .3 9 9 3 1 .6 3 0 62« • 7Q29 . 7  196 .6 5 7 5 1 .0 1 0 4 1 .1 6 1 1 1 .2 9 6 8 1 .4 0 1 6 1 .5 0 1 8 1 .5 6 8 1 1 .6 3 6 5
2 9 . s o n • 74 35 .9 0 0 7 1 .0 7 3 1 1 .2 4 2 2 1 .3 9 6 0 1 .5 2 0 1 1 .6 4 4 2 1 .7 6 2 9 1 .8 5 3 6










4 0 4 5 5 0 5 5 6 0 6 5
MF AN
. 4 5 6 4 • 2 5  7 3 . 2 4 8 6 . 2 2 0 9 . 1 7 4 1 . 1 1 0 2 . 0 2 7 9 - . 0 4 0 4 - . 1 4 7 8
- . 2 3 0 5
2 0 . ‘* 9 ? 0 .  . * 0 5 2 . 2 1 0 0 . 3 0 0 3 . 2 7 7 1 . 2 3 8 6 . 1 6 0 2
. 1 2 9 9 • 0 3 6 3 - . 0 4 3 0
21 . S 2 .1 F .  3 4 6 9 .  3 4 4 b
. 3 7 4 4 • 3 7 4 9 • 3 6 1 4 . 3 2 5 9 . 2 9 3 4 . 2 1 3 7 • 1 3 9 3
2 2 . 6 4 0 1 .  3 « 6 S . 4 1 4 2 . 4 4 4 0 . 4 6 6 3
. 4 7 9 0 . 4 6 5 7 . 4 5 0 8 . 3 0 5 3 • 3 1 7 8
2 1 . 5 6 / 8 . <»80/ . / . 5 9 0
. 5 0 9 4 . 6 5 8 0 . 5 4 2 1 • 6 0 0 2 . 6 0 2 « . 5 5 2 1 • 4 9 4 0
2 4 . 5 8  3 0 . 4  1<*4 . 5  »it-#» • 4  7 J  1 . 4 4 4  7
.  7 0 1 5 . 7 3 0 3 . 7 5 0 4 . 7 1 5 4 . 6 6 4 6
2 5 .  5 9 4  5 • 4  5A 3 . 5«». )  A .  4  J * * 4
. 7 2 9 4 . 8 0 7 9 . 6 5 6 8 . 8 9 4 4 . 8 7 6 7 • 8 4 6 2
2 6 . 6  3rt , e»77f> • 5 7 9 9 . 6 9 6 5 . 9 1 3 1 . 9 1 2 3
. 9 0 0 7 1 . 0 3 5 9 1 . 0 3 7 5 1 . 0 2 5 7
2 7 . 6 1 2 0 . 6 9 * 9 . 7 5 6 4
•  6 9 a 6 1 . 0 1 5 4 1 . 1 0 2 7 1 . 1 7 6 1 1 . 1 9 9 4 1 . 2 1 0 3
2 « , A ? 0 4 . 5 ? 0 4 . 6 6 3 0 . 8 2 2 6
. 9 8 0 2 1 . 1 1 7 8 1 . 2 2 3 6 1 . 3 1 6 0 1 . 3 6 1 9 1 . 4 0 2 6
? 9 •  6 ? 0 0 . 7 0 7 8 . 8 8 7 8 1 . 0 6 4 3
1 . 2 1 9 7 1 . 3 4 3 6 1 . 4 5 A 9 1 . 5 3 2 6 1 . 6 0 5 7
3 0 . 4 6 0 * 1 . 5 7 1 5 . 7 6 4 7 . 9 6 4 3
1 . 1 4 8 5 1 . 3 2 1 2 1 . 4 6 1 6 1 . 5 4 9 8 1 . 7 0 7 1 1 . 8 2 3 5
231
T A B L E  A . 4 . 2 .  :  ( C o n t i n u e d )
WIDOWHOOD
FUNCTION ESTIMATED * 1 <N* 5) / l ( 2 2 j )
Fe ma l e  Mean -  19
MALe
MR AN
2 0 2 6
c e n t r a l
3 0
AGE OF WOMEN 
3 5  4 0 4 5 5 0 5 5 6 0 6 5
P • 1 « 8 4 • 1 5 4 6 • 0 4 6 3 . 0 1 4 2 - . 0 3 7 5 - . 1 0 6 6 - . 1 9 3 4 - . 2 6 2 9 - . 3 6 9 * - . 9 9 3 6
?ft . 2 1 3 6 • 1C4C . 1 0 7 3 . 0 9 4 1 . 0 6 7 4 . 0 2 6 5 - . 0 3 5 7 - . 0 8 6 2 - . 1 7 9 1 - . 2 5 0 8
?1 . 2 7 1 1 • 1 4 6 ? • l o 2 0 .  1 6 9 0 . 1 6 7 5 • 1 5 2 2 . 1 1 5 3 . 0 8 3 1 . 0 0 3 9 - . 0 6 9 9
2 2 . 3 0 1 6 .  1 7 9 7 . 2 1 1 3 . 2 3 9 6 • 2 6 3 3 . 2 7 3 8 • 2 6 0 2 . 2 4 5 7 . 1 8 0 3 . 1 1 6 7
2 3 . 1 ? S 5 • ? U 8 5 • 2 5 6 3 . 3 0 6 7 . 3 5 5 6 . 3 9 0 9 . 3 9 9 5 • 4 0 2 5 . 3 5 1 1 . 2 9 9 2
?4 .  1 4  1 4 • ?  J 2 9 • 2 9 B 1 . 3 7 1 4 • 4 4 5 1 . 5 0 4 2 . 5 3 4 1 . 5 5 4 2 . 5 1 7 3 . 9 6 9 5
? 5 • 1 5 6 8 • 2 S * 6 • 3 3 6 3 • 4 3 4 6 . 5 3 2 7 • 6 1 4 5 . 6 6 4 7 . 7 0 1 8 . 6 8 0 2 . 6 9 9 2
2 6 .  1 6 7 4 • 2 7 5 1 . 1 7 8 5 . 4 9 8 2 . 6 1 9 4 . 7 2 2 7 . 7 9 2 3 • 8 4 6 2 • 8 9 1 2 . 8 2 0 0
P I • 1 7 6 9 . ? 4 f > 0 . 4 1 9 9 . 5 6 2 5 . 7 0 5 9 • 8 2 9 3 . 9 1 7 7 . 9 8 8 5 1 . 0 0 2 0 . 9 9 8 9
? * . 1 6 6 7 .  1 1 * 4 . U 6 l 5 . 6 2 8 5 . 7 9 2 8 . 9 3 5 1 1 . 0 4 1 5 1 . 1 2 9 6 1 . 1 6 9 0 1 . 1 8 3 0
? 9 . 1 9 7 « . 1 4  j l . 6 0 9 5 . 8 9 6 1 • 8 7 9 9 1 . 0 4 0 1 1 . 1 6 4 1 1 . 2 7 0 4 1 . 3 2 8 5 1 . 3 7 9 6
lu . 4 1 0 4 . 1 7 0 0 . 5 5 7 8 . 7 6 5 2 . 9 6 7 3 1 . 1 4 4 5 1 . 2 8 5 9 1 . 4 1 2 0 1 . 9 9 7 1 1 . 5 7 6 9
F e m a l e M e a n  •  2 0
N A L L  
MP AN
2 0 2 5
c e n t r a l
3 0
A ü t  U F  W O M EN
3 5  9 0 4 5 5 0 5 5 6 0 6 5
1 9 - .  1 9 8 2 » 5 1 9 - . 1 6 6 5
- . 1 9 4 3 - . 2 5 J 4 - • 3 2 4 6 - . 4 2 2 4 - . 4 9 3 6 - . 5 9 8 8 - . 6 6 3 6
2 0 - . 1 3 9 * - . 1 0 0 9 - . 0 9 6 0 - . 1 1 4 5
- . 1 4 6 9 - . 1 9 4 0 - . 2 5 9 3 - . 3 1 0 2
<001 - . 4 6 4 2
2 1 - .  > 9  3  7 - . 0 6 7 5 - . 0 4 1 8 - . 0 3 4 5 - . 0 6 5 1 - . 0 6 3 8
- . 1 0 2 9 - . 1 3 4 6 - . 2 1 2 3 - . 2 7 2 «
2 2 - . 0 5 1 3 - . 0 2 2 1 . 0 0 7 1 . 0 3 1 6 . 0 5 2 8 • 0 6 1 6
. 0 4  7 2 . 0 3 3 8 - . 0 3 0 2 - . 0 8 7 1
J>1 - . 0 1 9 9 . 0 0 6  9 . 0 6 1 7 . 0 9 9 5 .  1 4 7  3 .  1 8 2 7 . 1 9 1 7 . 1 9 5 9 • 1 4 5 4 • 0 9 3 1
? 4 . 0 0 3 1 ,  <1.11 0 . 0 9 3 3 . 1 6 5 1 . 2 3 9 3
. 2 9 9 9 • 3 3 1 1 . 3 5 2 4 . 3 1 5 6 . 2 6 9 6
. 3 1 9 9 . 0 6 2  l .  1 3 3 4 . 2 2 9 6 • 1 2 9 5 . 4 1 4 1 .  6 6 b 3
. 5 0 4 2 • 4 8 1 4 • 4 4 4  |
? 6 . 0  3 2 5 . 0 7 2 1 . 1  7 3 7 . 2 9 4 5 . 4 1 9 1 . 5 2 6 2
. 5 9 8 1 • 6 5 2 « • 6 4 4  3 • 6 1 8 2
2 7 . 0 4  3 6 . 0 9 2 5 . 2 1 5 5 .  1 6 0 5 . 5 0 8 6
. 6 3 6 7 . 7 2 7 3 . 7 9 7 7 . 8 0 5 5 .  7 9 3 6
P'-A 1 . 1 1 4 5 . 2 5 9 6 . < « 2 8 3 . 5 9 8 5 .  7 4 6 2
• 8 5 4 6 . 9 4 1 0 . 9 6 6 4 . 9 7 2 1
? 9 . 0 6 8 2 .  1 1 8 9 • . 1 0 0 5 . 4 9 8 1 . 6 8 9 0
• 8 5 4 8 • 9 8 0 3 1 . 0 8 3 1 1 . 1 2 8 6 1 . 1 5 5 7
1 1 . 0 6 1 2 .  1 4 5 6 .  1 5 5 f t . S 6 9 5 . 7 7 9 6 . 9 6 2 5 1 . 1 0 4 6
1 . 2 2 4 9 1 . 2 9 3 2 1 . 3 4 6 8
232
T A B L E  A . 4 . 2 .  1 ( C o n t i n u e d )
WIDOWHOOD
FUNCTION ESTIMATED » I ,  /i
<N* 5) / l < 2 7 |)
Fem ale Mean ■  20
CENTRAL AGE OF WOMEN
MALE
MEAN
20 25 30 35 4 0 45 50 5 5 60 65
1 9 2 . 2 9 1 2 . * * 6 7 • 7 8 3 7 .  6 6 4 6 • 4 6 6 5 • 2 6 9 0 • 0 3 4 3 - . 1 6 1 9 - . 3 7 0 2 - . 5 1 4 4
? • * * * 1 . 9 1 3 7 . 8 3 3 2 . 7 2 7 4 . 5 7 0 9 • 3 8 2 3 • 1 7 8 6 • 0 0 8 0 - . 1 8 1 1 - . 3 1 8 6
? \ ? . 1 7 5 4 . 9 3 « 2 . 0 7 5 9 • 7 6 3 7 . 6 4 9 9 • 4 9 0 3 . 3 1 6 7 • 1 7 0 8 . 0 0 0 5 - . 1 3 0 3
2 2 2 . H 2 S . 9 * 3 4 . 9 1 0 7 . 8 3 4 4 . 7 2 4 3 . 5 9 3 6 • 4 4 9 2 . 3 2 7 1 . 1 7 5 5 . 0 5 2 2
2 1 2 . C 9 9 1 . 9 6 * 1 . 9 4 0 0 • M 8 Û 4 . 7 9 4 9 • 6 9 2 7 . 5 7 6 6 . 4 7 7 7 . 3 4 4 7 • 2 3 0 1
?<* 2 . ^ 7 4 3 . 9 7 9 4 . 9 6 9 5 . 9 2 3 0 . 8 6 2 7 . 7 8 6 5 . 6 9 9 7 • 6 2 3 4 . 5 0 9 0 • 4 0 5 0
2 5 2 . 0 5 6 2 . 9 * 7 7 . 9 8 5 9 • 9 6 3 6 • 9 2 8 6 • 8 8 1 9 • 8 1 9 3 . 7 6 5 2 • 6 6 9 6 . 5 7 8 3
2 6 2 . 0 4 2 5 . 9 9 4 1 1 . 0 0 5 9 1 . 0 0 4 2 . 9 9 4 4 • 9 7 3 8 . 9 3 6 5 • 9 0 4 0 . 8 2 7 9 . 7 5 1 8
2 7 P . 0 3 0 6 . 9 9 9 7 1 . 0 2 6 0 1 . 0 4 5 4 1 . 0 6 0 3 1 . 0 6 5 0 1 . 0 5 1 9 1 . 0 4 0 7 • 9 8 5 3 . 9 2 7 2
1 . 0 0 5 4 1 . 0 4 7 2 1 . 0 6 6 1 1 . 1 2 7 0 1 . 1 5 5 9 1 . 1 6 6 2 1 . 1 7 6 1 1 . 1 4 3 3 1 . 1 0 6 3
2 9 2 . ' ' " ' ♦ I I . 0 1  10 1 . 0 7 0 3 l . 1 3 2 6 1 . 1 9 4 6 1 . 2 4 6 6 1 . 2 7 9 8 1 . 3 1 1 2 1 . 3 0 3 1 1 . 2 9 1 3
3C 1 . 0 * * 3 1 . 0 1 9 1 1 . 0 9 5 1 1 . 1 7 9 2 1 . 2 6 3 5 1 . 3 3 7 7 1 . 3 9 2 8 1 . 4 4 6 6 1 . 4 6 6 2 1 . 4 8 4 6
Fem ale Mean ■  21
M A L E 2 0 2 5
r F M T P A L  4 
3 0
G £  O F  wO MF M  
3 5  * * 9 4 5 5 0 5 5 6 0 6 5
M £ ¿ Ñ
1 9 2 . * ' ? 9 ? . 7 7 0 9 . 5 8 6 0
. 4 6 4 3 • 2  SS3 . 0 5 * 0 - . 1 8 6 5 - . 3 8 9 6 - . 6 0 1 0 - . 7 3 9 2
2 0 2  • 5  4  *z C . 7 9 0 6 . 6 3 4 0
. 5 2 8 0 .  3 6  9 1 • 1 7 4 4 - . 0 3 7 3 - . 2 1 3 3 - . 4 0 5 0
- . 5 3 6 5
?  i 2 . 4 . 8 2 2 2 . 6 7 6 3
• 5 8 5 4 . - * : u  3 . 2 0 6 6 . 1 0 5 6 - • 0 h 4 5
- . 2 1 7 0 - . 3 4 1 9
2 2 2 . 6 1 0 7 .  0 4  2 0 • 7 1 2 1
. 8 3 7 3 • * 2 6 5 . 3 9 2 2 . 2 4 2 8 . 1 1 7 4
- . 0 3 6 2 - . 1 5 4 4
2  3 2 . 3 7 3 4 . 0 5 8 1 .  7 4  ?.¿ . 8 8 4 7 . 5 9 9 3
. 4 9 4 8 . 3 7 4 8 . 2 7 3 2 • 1 3 8 1 . 0 2 7 2
2 4 0 . 3 3 9 7 . 0 7 0 5 . 7 6 7 5
. 7 2 6 4 . 6 6 9 4 . 5 9 4 1 . 5 0 2 4 . 4 2 3 6
. 3 0 6 7 • 2 0 4 3
2 5 2 . 3 1 5 6 . 0 6 0 0
. 7 0 9 9 . 7  7 1 2 . 7 3 7 9 . 6 9 0 9 . 6 2 6 2
. 5 6 9 6 • 4 7 0 8 . 3 7 8 4
2 6 2 . 2 9 * 1 . 0 8  7 4 . 0  1 1 0
. 6 1  3 2 • 8 0 6 0 • 7 8 6 2 . 7 4 7 2 . 7 1 2 1
• 6 3 1 5 . 5 5 1 2
»* 7 2 . 2 0 3 7 . 6 9 3 8 . 8 3 2 3
• 8 5 6 2 . 8 7 4 5 . 8 8 0 6 • 8 6 6 2 . 8 5 1 9
• 7 9 0 0 • 7 2 4 4
2 8 ? . 2 6 9  l . 9 0 0 5
• 8 5 4 9 . 9 0 0 8 . 9 4 4 0 . 9 7 4 8
. 9 8 3 7 . 9 6 9 8 . 9 4 7 8 . 8 9 9 5
2 ? 2 . 2 5 2 2 , 9 O « 0
. 6  7 9 3 . 9 4 7 6 1 . 0 1 4 5 1 . 0 6 0 « 1 . 1 0 0 1
1 . 1 2 6 5 1 . 1 0 6 1 1 . 0 7 0 3
3 0 2 . 2 3 2 7 . 6 1 6 5 • 9 0 5 6
. 9 9 6  l 1 . 0 8 6 0 1 . 1 6 2 6 1 . 2 1 8 6 1 . 2 6 2 5
1 . 2 6 6 1 1 . 2 6 2 8
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‘ A B L E  A . A . 2 .  :  ( C o n t i n u e d )
WIDOWHOOD
FUNCTION ESTIMATED 1 l ( H * 5 ) ^ 1 <221 >
Femal e  Mean -  22
CENTRAL AGE OF WOMEN
MALE
MEAN
2 0 2 5 3 0 3 5 4 0 4 5 5 0 5 5 6 0 6 5
19 3 . l ^ G l . « 1 9 6 . 3 « 5 b • 2 6 2 3 . 0 7 5 7 - . 1 5 5 4 - . 4 1 4 5 - . 6 2 5 7 - . 8 4 0 4 - . 9 7 2 2
? 3 3 . 0 7 8 « . « 5 1 3 • 4 3 4 4 • 3 2 6 3 . 1 6 3 1 - . 0 3 9 4 - . 2 6 0 6 - . 4 4 2 8 - . 6 3 6 8 - . 7 6 1 7
¿>1 2 . 9 8 0 1 . 6 7 * 0 . 4 7 6 3 • 3 * 4  1 . 2 4 5 4 . 0 7 4 7 - . 1 1 2 9 - . 2 6 7 7 - . 4 4 1 9 - . 5 6 0 #
2 ? 2 . 8 9 * 3 • 7 0  ° ? • 5 1 2 1 . 4 3 6 7 . 3 2 3 5 . 1 8 4 4 . 0 2 9 1 - . 0 9 9 7 - . 2 5 4 7 - . 3 6 6 3
? 3 2 . 8 3 2 9 • 7 i « n . 5 4 2 4 . 4 0 5 1 . 3 9 8 2 • 2 9 0 2 .  1 6 5 8 . 0 6 1 7 - . 0 7 4 6 - . 1 7 9 7
? 4 2 . 7 H 3 9 . 7 1 1 « . 5 6 2 2 . 5 3 0 3 . 4 7 0 3 . 3 9 ? « . 2 9 8 0 . 2 1 7 4 . 0 9 9 2 . 0 0 1 1
2 5 ? . 7 a ‘n • ? 4 ? 4 . 5 9 1 0 . 5 7 3 8 . 5 4 0 9 . 4 9 3 0 • 4 2 6 3 • 3 6 8 1 . 2 6 7 7 . 1 7 7 6
2 b 2 *  7 2 0 • 7 5 0 9 . 6 1 2 7 • 6 1 7 1 . 6 1 1 3 . 5 9 1 8 . 5 5 1 6 • 5 1 4 9 • 4 3 1 9 • 3 5 1 6
? 7 2 . 7 0 5 4 . 7 5 * 4 . 6 3 4 7 • 6 6 1 5 . 6 8 2 3 . 6 8 9 7 . 6 7 4 5 . 6 5 8 5 . 5 9 3 0 . 5 2 6 0
?H 2 . 6 * 7 1 . 7 6 6 0 . 4 5 8 2 • 7 0 7 « . 7 5 4 4 . 7 8 7 3 . 7 9 5 7 . 7 9 9 6 • 7 S 2 1 . 6 9 7 0
?Q 2 . 6 6 5 9 . 7 7 4 7 . 6 8 3 7 . 7 5 6 3 . 8 2 7 7 • 8 8 4 7 . 9 1 5 5 . 9 3 8 9 . 9 1 0 4 . 6 7 1 9
3 0 2 . 6 4 0 7 . 7 8 4 6 . 7 1 1 2 . 8 0 6 0 . 9 0 1 9 . 9 8 1 7 1 . 0 3 4 0 1 . 0 7 6 8 1 . 0 6 9 0 1 . 0 5 0 6
Fe ma l e  Me a n -  23
m a l  r  
MfAN
2 0 2 5





4 0 4 5 5 0 5 5 6 0 6 5
1 9 4 . 1 3 0 « . 4  1 9 1 .  1 h 51 . 0 5 9 1 - . 1 3 4 4 - . 3 7 9 7 - . 6 4 9 3 - . 8 7 0 4
- 1 . 0 8 9 0 - 1 . 2 1 4 3
? 0 * * .  1 4  /9 . 4 5 7 0 . 2 3 4 ? . 1 2 3 0 - . 0 4 6 5 - • 2 5 3 5 - . 4 9 1 1 - . 6 8 0 8
- . 0 7 7 3 - . 9 9 5 2
21 1 . 9 0 2 7 . 4 * * 6 . 2 7 6 0 • 1 8 0 9 . 0 3 6 8 - . 1 4 2 0 - . 3 3 8 8
- . 4 9 9 1 - . 6 7 4 8 - . 7 8 5 6
3 . * b ? 6 . S  1 4 4 . 3 1  1 4 . 2  3 3 6 .  1 1 6 0 - . 0 2 9 6 - . 1 9 2 1 - . 3 2 4 7
- . 4 8 0 7 - . 5 8 4 8
? 3 3 . 7 5 * * .  -  3 4  4 . 3 4  1 3 • 2 d ? 3 .  1 9 2 1 . 0 7 4 1 -  . 0 5 0 6 - . 1 5 7 2
- . 2 9 4 2 - . 3 4 2 0
< ** 7 , ~ 7 « o . 5 6 3 6 .  3 b 7 ? • 3 2 6 0 • ? b 5  7 • 1 8 4 6 . 0 8 6 3
• 0 0 4 1 - . 1 1 4 5 - . 2 0 6 0
• 3 9 0 1 . 3  7 2 2 . 3 3 8 2 • 2 8 « 3 . 2 1 9 2 • 1 6 0 1 . 0 5 9 2 - . 0 2 5 7
1 * * 7 9 3 . * 7 - M . 4 1 1 9 . 4 1 6 4 . 4 1 0 6 . 3 9 0 5 . 3 4 9 1
. 3 1 1 7 • 2 2 6 0 . 1 5 0 5
X 7 '4 .  *-»«-.<*3 • »• .34 2 • 4 b  1 9 . 4 X 3 7 . 4 9 1 9 . 4 7 6 4
. 4 5 9 7 . 3 9 2 7 • 3 2 4 1
J  i. ■» .  '4 O 4  3 . * 5 8 9 7 . ' ♦ 3 - 1 . 5 0 9 5 . 5 5 6 3 . 5 9 3 0 . 6 0 1 7 • 6 0 4 8
. 5 5 4 5 . 4 9 6 7
2 9 1 . 4 9 4 4 .  - 0 0 7 . 4 * i 4  1 • 5 5 9 4 . 4  3 4 ? • 4 9 4  0 . 7 2 5 3
. 7 4 7 5 . 7 1 4 2 • 6 6 9 6
l . r i l l .  5 1 2 3 . • > 1 1 6 . 7 1 1 2 • 7 9 a 5 . « 4 7 3 • H8 6 1
. 8 7 2 9 • 84<«J
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T A B L E  A . 4 . 2 «  t  ( C o n t i n u e d )
WIDOWHOOD
FUNCTION ESTIMATED I 1 ( n * 5 ) / 1 ( 2 7 | )
F e ma l e  Mean ■ 24
M H  € ? n 2 5
Ce NTWAL
3 0
a g e  o r  WOMEN
3 S  AO 4 5 s o 5 5 6 0 6 S
MFAN
19 7 . 7 « * 6 1 • 1 <*36 - . 0 1 8 6 - •  144«* - . 3 4 6 5 - . 6 0 5 3 - . 8 9 0 7 - 1 . 1 2 3 7 - 1 . 3 4 7 4 - 1 . 4 6 6 0
2 0 7 . 3 6 5 ^ . 1 9 0 7 . 0 3 2 3 - . 0 8 1 1 - . 2 5 8 7 - . 4 8 2 5 - . 7 2 8 5 - . 9 2 7 5 - 1 . 1 2 7 1 - 1 . 2 3 7 9
21 7 . 0 4 2 1 . 2 2 9 9 . 0 7 4 8 - . 0 2 3 7 - . 1 7 5 2 - . 3 6 4 0 - . 5 7 1 9 - . 7 3 9 1
- . 9 1 6 5 - 1 . 0 1 9 7
2 ? 6 . 7 6 9 « * . 2 6 1 7 . 1 1 0 2 . 0 2 8 7 - . 0 9 5 4 - . 2 4 9 4 - . 4 2 0 7 - . 5 5 8 1
- . 7 1 4 9 - . 8 1 1 0
2 3 #,#S 4 4 8 . 2 6 6 6 • 1 4 0 0 . 0 7 7 2 - . 0 1 8 5 - . 1 3 8 2 - . 2 7 9 6 - . 3 8 4 3
- . 5 2 1 4 - . 6 1 0 9
2<* 6 . 3 7 2 1 • ”* 0 5 3 . 1 6 5 3 • 1 2 2 « . 0 5 6 3 - . 0 2 9 7 - . 1 3 3 0
- . 2 1 6 8 - . 3 3 5 2 - . 4 1 8 7
2 5 6 . 2 4 7 7 • 3 1 9 3 . 1 6 7 9 • 1 6 7 2 • 1 3 0 1 . 0 7 6 9 . 0 0 6 7
- . 0 5 5 1 - . 1 5 5 5 - . 2 3 3 2
2 6 6 . 1 6 1 5 . 1 3 0 3 . 2 0 9 5 . 2 1 1 6 • 2 0 4 1 • 1 8 2 3 . 1 3 9 3
. 1 0 1 9 • 0 1 8 6 - . 0 5 3 0
2 7 6 . 1 3 0 9 • 1«*02 . 2 3 1 5 . 2 5 7 9 . 2 7 9 2 • 2 8 7 2 . 2 7 1 2
. 2 5 4 9 • 1 8 8 0 . 1 2 3 2
2 « 6 . 0 6 0 4 .  - »905 . 2 5 5 3 . 3 0 6 3 . 3 5 5 9 . 3 9 1 9 . 4 0 1 1
. 4 0 4 5 . 3 5 3 5 . 2 9 6 8
2 9 5 . 9 9 4 3 . 3 6 2 1 . 2 6 1 4 . 3 6 7 4 . 4 3 4 3 • 4 9 6 4
. 5 2 8 9 • 5 5 1 2 • 5 1 6 0 . 4 6 9 4
3 0 5 . 9 2 4 3 .  3 7 5 6 . 3 0 9 « . 4 1 0 9 . 5 1 3 9 . 6 0 0 6
. 6 5 4 9 . 6 9 5 3 . 6 7 6 3 . 6 4 2 3
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T A B L E  A . 4 . 2 .  t ( C o n t i n u e d )
VIDOWERHOOD
FUNCTION ESTIMATED I  1 ( H- S ) /1 ( 1 7 | )  
Ma l *  Mean • 2 0
CENTRAL AGE OF MEN
FEMALE 2 5  
MF AN
3 0 3 5 4 0 4 5 5 0 5 5 6 0 6 5 7 0
I S . 8 6 9 3 • 7 1 2 6 . 7 0 1 3 . 7 1 6 0 . 7 1 9 3 . 7 1 5 5 . 7 0 0 6 • 6 6 7 4 • 6 3 0 2 • 5 6 4 8
i  6 • *»040 .  7 8 7 9 . 7 8 8 3 . » 1 0 9 . 8 2 6 2 . 8 3 7 0 . 8 3 7 4 • 8 1 9 5 • 8 0 3 3 • 7 4 2 8
1 7 . 9 3 6 8 . 6 5 7 6 • 8 6 7 6 . 8 9 8 6 . 9 2 6 » . 9 5 2 0 . 9 6 7 8 • 9 6 5 4 • 9 6 3 0 . 9 1 7 7
1 « . 9 6 6 6 . 9 2 0 0 . 9 3 7 9 . 9 7 8 0 1 . 0 1 9 3 1 . 0 5 9 9 1 . 0 9 1 5 1 . 1 0 5 3 1 . 1 1 7 6 1 . 0 9 0 7
19 . 9 9 3 1 . 9 7 3 5 . 9 9 8 8 1 . 0 4 9 4 1 . 1 0 4 9 1 . 1 6 1 1 1 . 2 0 8 9 1 . 2 3 9 6 1 . 2 6 8 2 1 . 2 6 3 0
2 0 1 . 0 1 6 3 1 . 0 1 7 0 1 . 0 5 1 0 1 . 1 1 3 2 1 . 1 8 3 8 1 . 2 5 6 1 1 . 3 2 0 8 1 . 3 6 8 8 1 . 4 1 6 2 1 . 4 3 5 9
2 1 1 . 0 3 5 8 1 . 0 5 3 3 1 . 0 9 5 2 1 . 1 7 0 6 1 . 2 5 7 0 1 . 3 4 5 9 1 . 4 2 8 0 1 . 4 9 3 9 1 . 5 6 2 8 1 . 6 1 0 9
? ? 1 . 0 5 0 9 1 . 0 6 0 5 1 . 1 3 2 » 1 . 2 2 2 5 1 . 3 2 5 2 1 . 4 3 1 2 1 . 5 3 1 3 1 . 6 1 5 7 1 . 7 0 9 7 1 . 7 8 9 9
2 3 1 . 0 6 1 5 1 . 1 0 0 6 1 . 1 6 4 » 1 . 2 7 0 2 1 . 3 8 9 8 1 . 5 1 3 2 1 . 6 3 1 6 1 . 7 3 5 6 1 . 8 5 8 1 1 . 9 7 5 0
2 » 1 . 0 6 6 3 1 . 1 1 6 6 1 . 1 9 3 5 1 . 3 1 5 7 1 . 4 5 2 3 1 . 5 9 3 2 1 . 7 2 9 9 i . 8 5 5 3 2 . 0 0 9 7 2 . 1 6 9 5
M a l e  M e a n  -  21








4 5 5 0 5 5 6 0 6 5 7 0
1 5 .  7 5  ? 1 . 5 1 7 2 . 5 0 0 9 . 5 1 6 2 . 5 2 0 8 . 5 1 7 7 . 5 0 2 9
• 4 6 8 4 . 4 3 7 9 • 3 6 2 3
I S . 7 8 9 9 . 5 8 8 4 • 6 1 2 8 . 6 3 0 5 . 6 4 3 3
• 6 4 4 7 . 6 2 5 7 • 6 0 8 0 • 5 4 3 6
17 . f t ? 6 f t . 6 * 0 0 , 6 6 » 4 . 7 0 2 5 . 7 3 3 8 . 7 6 ? » . 7 7 9 8 . 7 7 6 4
. 7 7 1 9 . 7 2 0 4
I S . « 5 9 7 . 7 2 1 1 . 7 3 9 7 . 7 8 4 1 . 8 2 9 8
. 8 7 4 4 • 9 0 8 1 . 9 2 0 6 . 9 3 0 1 . 8 9 3 9
19 .  « » 6 5 .  7 7 a  1 . 8 0 1 9 . 6 5 7 7 • 9 1 8 6 . 9 7 9 6 1 . 0 2 9 6 1 . 0 5 8 8
1 . 0 8 3 1 1 • 0 6 5 3
. * 1 3 2 . » 6 5 d . 9 2 3 9 1 . 0 0 0 8 1 . 0 7 8 4 1 . 1 4 5 2
1 . 1 9 1 4 1 . 2 3 2 2 1 . 2 3 5 9
21 . » « 6 6 .  o c  14 • 9 8 3 6 1 . 0 7 7 1 1 . 1 7 1 7 1 . 2 5 5 7 1 . 3 1 9 3 1 . 3 7 8 7
1 . 4 0 7 1
? ? . 9 5 V 3 •  f  /  6 • 9 a  0 5 1 . 0 3 7 9 1 . 1 4 8 4 1 . 2 6 0 3 1 . 3 6 1 9 1 . 4 4 3 2
1 . 5 2 3 9 1 . 5 8 0 4
» 3 . * 6 2 9 . 9 0 4 0 .  * 7 4 2 1 . 0 4 6 0 1 . 2 1 5 9 1 • 3 4 5 2
1 . 4 6 4 7 1 . 5 6 4 3 1 . 6 6 9 5 1 . 7 5 7 7
? * ♦ 7 . 0 2 1  1 1 . 0 0 6 0 1 • 1 3 5 6 1 . 2 2  12
1 . 4 2 7 9 1 . 5 6 5 2 1 . 6 8 4 0 1 . 8 1 7 1 1 . 9 4 1 3
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T A B L E  A . 4 * 2 .  :  ( C o n t i n u e d )
WIDOWERHOOD
FUNCTION ESTIMATED : 1(N- 5) / l (17|) 
Mal e  Mean • 22
FEMALE
MEAN






4 5 5 0 5 5 6 0 6 5 7 0
I S • 5 9 4 4 . 3 1 8 6 . 3 0 0 4 . 3 1 4 3 . 3 1 7 9 • 3 1 J 8 . 2 9 8 0 . 2 6 2 1 . 2 3 1 0 • 1 5 4 6
1 6 . 6 4 1 4 •  3 9 6 6 . 3 8 7 7 • 4 1 1 6 . 4 3 0 0 • 4 4 3 2 • 4 4 4 9 . « > 2 5 2 • 4 0 6 6 . 3 4 0 6
1 7 . 6 8 4 5 • 4 6 2 6 • 4 6 7 9 . 5 0 2 8 . 5 3 5 9 . 5 6 6 2 • 5 8 5 0 . s e n . 5 7 5 6 . 5 2 0 9
IH • 7 2 2 4 . 5 2 2 8 . 5 3 9 7 . 5 8 6 1 . 6 3 4 6 . 6 0 2 3 . 7 1 8 0 . 7 3 0 1 • 7 3 8 1 • 6 9 6 4
1 9 • 7 5 4 4 . 5 7 4 8 . 6 0 2 6 • 6 6 1 6 • 7 2 6 3 . 7 9 1 3 • 8 4 4 0 • B 7 2 5 . 8 9 4 6 • 8 6 8 3
2 0 . 7 8 2 1 • 6 l « 7 . 6 5 7 1 . 7 2 9 6 • 8 1 1 4 • 8 9 4 0 . 9 6 3 7 1 . 0 0 9 0 1 . 0 4 6 2 1 . 0 3 8 0
2 1 • ® 0 4 7 . 6 5 4 7 . 7 0 4 1 . 7 9 1 3 . 8 9 0 7 . 9 9 0 9 1 . 0 7 7 9 1 . 1 4 0 3 1 . 1 9 3 9 1 . 2 0 7 0
2 2 . 8 2 2 4 . 6 8 3 1 . 7 4 4 4 . 8 4 7 6 . 9 6 4 9 1 . 0 8 3 0 1 . 1 8 7 3 1 . 2 6 7 1 1 . 3 3 9 1 1 . 3 7 6 6
2 3 . 8 1 5 1 . 7 0 5 1 . 7 7 9 5 • 3 9 9 8 1 . 0 3 5 4 1 . 1 7 1 1 1 . 2 9 3 0 1 . 3 9 0 4 1 . 4 8 3 2 1 . 5 4 0 4
2 4 . 8 4 3 8 . 7 2 2 8 . 8 1 1 7 • 9 4 9 8 1 . 1 0 3 6 1 . 2 5 6 8 1 . 3 9 6 1 1 . 5 1 1 4 1 . 6 2 8 1 1 . 7 2 4 4
Ma l e  Mean -  23
FEMALE
MEAN
2 5 3 0





6 5 5 0 5 5 6 0 6 5 7 0
1 5 . 3 « 5 3 .  1 1 2 9 . 0 9 9 9 • 1 1 1 0 • 1 1 1 3 . 1 0 6 3 • 0 8 6 1
. 0 4 8 3 . 0 1 7 2 - . 0 5 9 3
1 6 . 4 4 2 3 . 1 9 3 0 . 1 6 6 9 . 2 0 8 7 . 2 2 5 2 . 2 3 7 1 . 2 3 8 0
. 2 1 7 4 • 1 9 8 b . 1 3 2 5
17 • 6 9 6 6 • 2 6  3 S . 2 6 6 9 . 3 0 0 4 . 3 3 3 ? . 3 6 3 8 • 3 8 3 1
. 3 7 9 0 . 3 7 3 3 . 3 1 7 5
1 « . 5  3 9 9 • 3 2 * * 2 . 3 3 8 6 • 3 8 4  7 • 4 3 6 3 . 6 8 1 5
. 5 2 0 9 . 5 3 3 2 . 5 4 0 8 . 4 9 6 4
19 . 5 7 8 3 .  ■> 7  5  m . 6 0  1 7 . 6 6 1 4 . 5 2 0 4 . 5 9 4 6 • 6 5 1 6
. 6 8 0 4 . 7 0 1 7 . 6 7 0 4
2 0 • 6 1 0 0 . * 1 9 1 • * * o6 b . 5 3 1 0 • 6 1 6 1 . 7 0 2 8 . 7 7 5 7 • 8 2 1 1
• 8 5 6 8 . 8 4 0 8
>1 • 6 3 5 7 • S  D41 . 5 9 6 3 . 6 9 8 0
. 8 0 3 4 . 8 9 3 9 • 9 5 6 3 1 . 0 0 7 0 1 . 0 0 9 0
2 2 . 4 5 5 9 s /« 6 2 6 . 5 <* 5 1 . 6 5 2 2 . 7 7 5 1 . 8 9 * 3 0 1 . 0 0 7 0
1 . 0 8 6 5 1 . 1 5 3 5 1 . 1 7 6 5
2 3 . 6 6 9 3 . 6  > 6  9
. 5 4 1  1 . 7 0 6 1 . 8 6 8 . 3 . 9 9 0 6 1 . 1 1 6 0 1 . 2 1 2 7
1 . 2 9 7 7 1 . 3 4 6 7
? 6 •  * 7 9 * J . " • 2 ^ 8 . 6  l * * 3
•  / b 7 5 . 9 1 9 3 1 . 0 7 9 5 1 . 2 2 2 1 1 . 3 J 6 0 1 . 4 6 1 3
1 . 5 1 5 4
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T A B L E  A . 4 . 2 .  : ( C o n t i n u e d )
WIDOWEKHOOD
FUNCTION ESTIMATED 1 1 ( N- 5 ) / l ( 1 7 | )
Mal e  Mean • 24
CENTRAL AGE  OF MEN
FEMALE
MFAN
.?5 3 0 3 5 4 0 4 5 s o 5 5 6 0 6 5 7 0
1 5 . 0 9 4 6 - . 1 0 4 1 - . 1 0 1 4 - . 0 9 2 9 - . 0 9 8 3 - . 1 1 0 2 - . 1 3 2 6 - . 1 7 3 4 - . 2 0 4 2 - . 2 8 0 4
15 . 1 6 5 8 - . 0 1 6 7 - . 0 1 3 9 . 0 0 4 6 . 0 1 6 8 . 0 2 * 5 5 • 0 2 4 1 • 0 0 1 9 - . 0 1 6 1 - . 0 8 2 0
1 7 . 2 3 1 0 . 0 * 9 0 . 0 6 5 8 . 0 9 6 2 • 1 2 6 3 . 1 5 5 3 . 1 7 4 1 . 1 6 9 6 • 1 6 4 4 • 1 0 8 8
1 8 . 2 8 7 7 . 1 2 2 9 . 1 3 7 2 • 1 8 0 8 . 2 2 9 2 . 2 7 8 5 . 3 1 6 7 • 3 2 9 4 • 3 3 7 4 . 2 9 2 5
1«> . 3 3 5 4 . 1 7 5 9 • 2 0 0 1 • 2 5 8 2 . 3 2 5 4 . 3 9 * 5 • 4 5 2 2 • 4 8 1 8 • 5 0 3 3 . 4 6 9 9
2 0 . 3 7 4 6 . 2 1 9 3 . 2 5 4 9 . 3 2 8  7 • 4 1 5 2 • 5 0 A 9 • 5 8 0 8 . 6 2 7 3 • 6 6 2 8 . 6 4 2 5
2 1 . 4 0 5 7 . 5 5 4 5 . 3 0 2 3 . 3 9 3 0 • 4 9 9 5 . 6 0 9 1 . 7 0 3 4 • 7 6 6 7 • 8 1 6 6 . 8 1 1 5
2 2 . 4 2 9 0 . 2 8 2 2 . 3 4 3 4 . 4 5 2 2 . 5 7 9 0 . 7 0 * 5 3 • 8 2 0 5 • 9 0 0 8 . 9 6 5 6 . 9 7 8 3
2 3 • 4 4 5 2 • 1 0 * 0 . 3 7 9 7 . 5 0 7 4 • 6 5 4 8 . 0 0 3 6 . 9 3 3 2 1 . 0 3 0 S 1 . 1 1 1 3 1 . 1 4 4 5
2 4 . 4 5 6 0 . 3 2 1 8 • 4 1 3 4 . 5 6 0 7 . 7 2 8 4 . « ( 9 5 7 1 . 0 4 2 7 1 . 1 5 6 7 1 . 2 5 5 1 1 . 3 1 1 8
H a le  Mean ■ 25
FEMALE
MFAN






4 5 5 0 5 5 6 0 6 5 7 0
15 - . 3 2 7 4 - . 3 3 0 - . 3 0 5 7 - . 2 9 6 8 - . 3 0 9 9 - . 3 2 9 1 - . 3 5 7 9 - . 4 0 3 2
- . 4 3 3 8 - . 5 0 9 4
16 —• 2 3 6 2 — •2 3 6 9 - . 2 1 5 « - . 2 0 0 0 - . 1 9 4 4 - . 1 9 1 1
- . 1 9 6 7 - . 2 2 1 5 - . 2 3 8 6 - . 3 0 3 8
17 — .  1 5 1  H - . 1 5 4 4 - . 1 3 5 3 - . 1 0 8 9 - . 0 8 4 0 - . 0 5 8 6 - . 0 4 2 1
- . 0 4 7 6 - . 0 5 1 6 - . 1 0 6 3
18 - . 0 7 8 1 -  .  *184 7 - . 0 6 4 2 - . 0 2 4 6 • 0 2 0 2 . 0 6 7 5 • 1 0 5 3 • 1 1 8 2
. 1 2 7 3 • 0 8 3 2
1 4 - . i l 5 8 -  • r  2 7 * - . 0 0 1 * . 3 5 2 7 . 1 1 7 9 . 1 8 7 1 . 2 4 5 5
. 2 7 6 2 . 2 9 8 7 . 2 6 5 5
. * 3 S 5 . 0 1 * 1 . 1 2 3 5 • 2 0 9 4 • 3 0 0 4 . 3 7 8 8
• 4 2 6 8 . 4 6 3 2 • 4 4 1 6
*1 • * 7 6 3 . 0 5 4 0 . 0  * 9 7 .  1HS4 . 2 9 5 6 • 4 0 a 1
. 5 0 5 9 . 5 7 1 0 . 6 2 1 4 • 6 1 2 8
2 2 .  1 ? 6 5 .  ) *  l 7 , 1 m 0 4 . 2 4 8 2 . 3  7 7 2
. 5 1 0 7 . 6 2 7 4 . 7 0 9 4 . 7 7 4 1 • 7 8 0 5
2 ) . 1 2 7 1 .  1 n  * 0 .  1 7 * - . 4 5 5 2 . 6 < W 3
. 7 4 4 1 . 8 4 2 9 . 9 2 2 5 • 9 4 6 2
?<« • 14  ‘J  4 .  1 2  .> 3 .  * 0 4 « .  ) 5 8 7 • S  « 1 2 . 7 0 5 1 . 0 5 7 3
. 9 7 2 7 1 . 0 6 7 8 1 . 1 1 1 5
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T A B L E  A . 4 . 2 .  :  ( C o n t i n u e d )
WIDOWERHOOD
FUNCTION ESTIMATED !  1 ( N - S ) /1 ( 2 2 | )
Male Mean ■  2 5
FEMALE
MEAN
2 b 3 0





4 5 5 0 5 5 6 0 6 5 7 0
15 2 . 4 1 5 4 . 7 4 8 2 • 6 1 2 b . 5 5 9 6 . 4 6 8 9 . 3 3 5 9 . 1 7 6 5 • 0 0 2 8 - . 1 3 9 2 - . 3 0 5 6
16 2 . 5 0 4 4 . 2 2 7 1 . 6 8 9 2 . 6 4 8 1 . 5 6 8 8 . 4 5 4 2 . 3 1 7 9 • 1 6 8 1 • 0 4 4 4 - . 1 0 6 9
17 2 . 4 0 1 7 . 2 6 1 3 . 7 6 0 0 . 7 2 9 0 • 6 6 1 9 . 5 6 6 3 . 4 5 2 8 • 3 2 6 1 . 2 2 0 5 • 0 8 4 0
1» 2 . 1 1 2 0 . 2 ^ 5 « . « 2 3 3 • 8 0 1 3 . 7 4 7 4 . 6 7 1 4 • 5 8 0 6 . 4 7 6 5 . 3 8 9 0 . 2 6 7 4
1 9 2 . 2 3 6 2 • 9 2 4 4 . 8 7 7 7 . 8 6 4 6 • 8 2 5 1 . 7 6 9 4 . 7 0 1 4 • 6 1 9 6 • 5 5 0 6 • 4 4 4 3
2 0 2 . 1 7 3 8 . 9 4 9 1 . 9 2 3 1 . 9 1 9 4 . 8 9 5 6 • 8 6 1 0 . 8 1 5 7 . 7 5 6 1 . 7 0 5 7 • 6 1 5 5
21 2 . 1 2 4 2 . 9 6 9 7 . 9 5 9 6 • 9 6 6 b . 9 6 0 0 . 9 4 8 8 . 9 2 4 2 • 8 8 6 8 • 8 5 5 0 . 7 8 2 4
2 2 2 . 0 8 7 4 . 5 4 5 7 . 9 8 8 1 1 . 0 0 7 0 1 . 0 1 9 0 1 . 0 2 7 6 1 . 0 2 7 7 1 . 0 1 2 4 . 9 9 9 5 . 9 4 6 5
2 3 2 . 0 6 2 3 . 9 9 7 0 1 . 0 1 0 0 1 . 0 4 2 4 1 . 0 7 4 0 1 . 1 0 4 6 1 . 1 2 7 2 1 . 1 3 3 7 1 . 1 4 0 3 1 . 1 0 9 3
2 4 2 . 0 4 6 1 1 . 0 0 4 b 1 . 0 2 7 7 1 . 0 7 5 1 1 . 1 2 6 9 1 . 1 7 9 3 1 . 2 2 3 9 1 . 2 5 2 0 1 . 2 7 8 8 1 . 2 7 2 3
Male Me a n -  26
F E * * * L E
MEAN
2 5 3 0
CENTRAL
3 5
AGE OF me n  
4 0 4 5 5 0 5 5 6 0 6 5 7 0
1 5 3 . 0 5 5 2 . 6 5 6 4 . 4  1 5 b • 3 b 8 8
. 2 6 5 9 .  1 2 8 4 - . 0 3 9 3 - . 2 2 0 4 - . 3 6 7 1 - . 5 3 6 6
16 » . 9 1 2 7 .  7 o I 5 . 4 9 2 0
. ¿ * 4  7 4 . 3 6 7 0 . 2 4 9 2 . 1 0 7  2 - . 0 4 9 3 - . 1 7 6 5 - . 3 3 0 8
17 2 . 7 7 « ^ . 7 4 2 ^ , 8 * .  1 9 . 6 2 8 9
. 4 6  17 . 3 6 4 0 . 2 4 6 4 • 1 1 4 4 • 0 0 6 0 - . 1 3 3 1
1 8 2 . 6 6  i r .  7 7 4 6 . 4 2 4 1
. 6 0 1 9 . 5 4 8 9 . 4 7 1 9 . 3 7 8 5 . 2 7 0 4 • 1 8 0 4 . 0 5 6 5
1 9 2 . 5 6 0 7 . * * 1 1 0 • 4  7 8 0 • o 6 6 2
. 6 ^ 8 6 . 5 7 3 0 . 5 0 3 5 . 4 1 8 8 . 3 4 7 3 • 2 3 8 6
2'3 2 . 4 7  7 l < 7 ‘< .  72  3 -
.  1  ¿ ¿ c .  7 0 1 2 . 6 6 7 7 . 6 2 2 0 . 5 6 0 2 . 5 0 7 4 « 4 1 4 0
21 2 . U . . - » n *  1 .  7»*Oa • / / O 8
. 7 6 7 6 . 7 5 6 6 . 7 3 4 6 . 6 9 5 3 • 6 6 1 2 . 5 8 3 9
? ? V« .  “  7 7 S . 7 4 9 7 • 4  1 2H
.  2 2 8 8 . 8 4 0 6 . 8 4 2 0 . 8 2 4 9 . 8 0 9 5 . 7 4 9 6
;< i > •  V  * .  » * ' r .  I J 4 .  H*4 *>'
. 8 4 6 1 . 9 2 0 7 • 9 4 5 1 . 9 5 0 0 . 9 5 3 3 . 9 1 2 6
2 4 2  .  V  l / . ' • ‘>11
.  >$f140 . 9 4 1 3 . 9  ' MS l • 0 4 5 1 1 . 0 7 1 6 1 . 0 9 3 8 1 . 0 7 4 6
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T A B L E  A .  A .  2 .  I ( C o n t i n u e d )
VIDOWERHOOD
FUNCTION ESTIMATED : 1 ( N - 5 ) / l ( 22|>
M ale  M ean -  25
CENTHAL AGE OF MEN
FE MAL E
MEAN
2 b 3 0 3 5 4 0 4 5 s o S S 6 0 6 5 7 0
1 5 2 . 6 1 5 4 .  7 8 8 2 . 0 1 2 5 . 5 5 9 0 • 4 6 8 9 • 3 3 5 9 . 1 7 6 5 • 0 0 2 8 - . 1 3 9 2 - . 3 0 5 6
I * 2 . 5 0 4 4 . 2 2 7 1 . 0 8 9 2 . 6 4 8 1 . 5 6 8 8 . 4 5 * 2 . 3 1 7 9 • 1 6 8 1 • 0 4 4 4 - . 1 0 6 9
1 7 2 . < * 0 1 7 . « 4 3 3 • 7 6 0 0 . 7 2 9 0 . 6 6 1 9 . 5 6 6 3 . 4 5 2 8 • 3 2 6 1 • 2 2 0 5 • 0 8 4 0
1 » 2 . 3 1 2 0 . « 2 3 3 • 8 0 1 3 . 7 4 7 4 . 6 7 1 4 . 5 6 0 6 . 4 7 6 5 • 3 8 9 0 . 2 6 7 4
1 9 2 . 2 3  6 2 • 9 2 4 4 . A 7 7 7 • 8 6 4 6 • 8 2 5 1 .  7 6 9 4 . 7 0 1 4 . 6 1 9 6 • 5 5 0 6 • 4 4 4 3
2 0 2 . 1 7 3 « . 9 4 9 1 . 9 2 3 1 . 9 1 9 4 . 8 9 5 6 . 8 6 1 0 . 8 1 5 7 . 7 5 6 1 . 7 0 5 7 • 6 1 5 5
2 1 2 . 1 2 4 2 . 9 0 9 7 . 9 5 9 6 . 9 6 6 5 . 9 6 0 0 . 9 4 s e . 9 2 4 2 • 8 8 6 8 • 8 5 5 0
. 7 8 2 4
2 2 2 . 0 8 7 4 .  9 8 5 7 . 9 8 8 1 1 . 0 0 7 0 1 . 0 1 9 0 1 . 0 2 7 6 1 . 0 2 7 7 1 . 0 1 2 4 . 9 9 9 5 . 9 4 6 5
2 3 2 . 0 0 2 3 . 9 9 7 0 1 . 0 1 0 0 1 . 0 4 2 4 1 . 0 7 4 0 1 . 1 0 4 6 1 . 1 2 7 2 1 . 1 3 3 7 1 . 1 4 0 3
1 . 1 0 9 3
2 4 2 . 0 4 b ! 1 . 0 0 4 b 1 . 0 2 7 7 1 . 0 7 5 1 1 . 1 2 6 9 1 . 1 7 9 3 1 . 2 2 3 9 1 . 2 5 2 0 1 . 2 7 8 8 1 . 2 7 2 3
M ale  Mean -  26
F E m ì l E 2 5 1 0
C E N T R A L
3 5
a g e  o f  m e n
4 0 4 5 5 0 5 5 6 0 6 5 7 0
m e a n
l b 3 . 0 5 5 2 . 6 5 6 4 . 4 1 5 5
. 3 5 8 8 . 2 6 5 9 . 1 2 8 4 - . 0 3 9 3 - . 2 2 0 4 - . 3 6 7 1 - . 5 3 6 6
l b » . 9 1 2 7 . 7 < ' 1 5
. 4 9 2 0 . 4 4  7 4 . 3 6 7 0 .  ? * * 9 2 . 1 0 7 2 - . 0 4 9 3
- . 1 7 6 5 - . 3 3 0 8
1 7 2 . 7  7 « « . 7 4 2 * . « M 9
. 5 2 8 9 . 4 6 1 7 •  3 6 4 0 • 2 4 6 4 • 1 1 4 4 •  0 0 6 0 - . 1 3 3 1
1 8 2 . 8 6  i r •  7  7 * 5 . ' • 2 4  1
. 6 0 1 9 . 5 4 8 9 . 4 7 1 9 . 3 7 8 5 . 2 7 0 4 •  1 «  0 4 . 0 5 6 5
1 9 2 . 5 r >  j 7 . ' * 1 1 0 . 6  M 0
. 0 6 6 2 . 6 2 8 6 . 5 7 3 0 . 5 0 3 5 . 4 1 8 8 . 3 4 7 3
• 2 3 8 6
2 . 4 7  7 l .  • * 7 ‘ < .  7 2 3 * * .  7 2 2 c . 7 0 1 2
. 6 6 7 7 • 6 2 2 0 . 5 6 0 2 . 5 0 7 4 * 4 1 4 0
2  1 2 . U .  * 4 • J  n  A l • 7»>n<4 •  /  / o r t
. 7 4 7 6 . 7 5 6 6 . 7 3 4 6 . 6 9 5 3 •  6 6 1 2 . 5 8 3 9
? ? ? . * * S  * * .  “  7  7 S . 7 4 9 7
.  4  1 2H .  8 ? 6 H •  8 4  0 6 . 8 4 2 0 . 8 2 4 9 . 8 0 9 5 . 7 4 9 6
2  .  > » i . • r .  I J 4
.  s u  y»« .  « * * 6  l . 9 2 4 7 . 9 4 5 1 . 9 5 0 0 . 9 5 3 3 . 9 1 2 6
2 4 2 . 3 r l  / . - > 1 1
.  « r > u 0 . 9 4  13 .  9  Ì M  5 1 . 0 4 5 1 1 . 0 7 1 6 1 . 0 9 3 8
1 . 0 7 4 6
2 3 9
T A B L E  A . 4 . 2 .  :  ( C o n t i n u e d )
WIDOWERHOOD
FUNCTION ESTIMATED .  1 (M_ 5 ) / 1 (2 2 | )
M ale Mean -  27
rEMALE
MEAN







1 5 3 . 7 8 9 0 . 4 8 4 4 . 2 1 4 5 . 1 5 7 8 . 0 6 1 3
1 6 3 . 5 9 S 8 . 5 3 8 1 . 2 9 3 2 . 2 4 6 2 • 1 6 2 8
1 7 3 . 4 1 0 3 . 5 8 7 0 . 3 6 3 6 . 3 2 7 7 . 2 5 8 4
I P 3 . 2 4 5 7 . 6 2 9 7 . 4 2 5 3 • 4 0 1 0 • 3 4 6 8
1 9 3 . 1 0 < * 9 . 6 6 5 9 . 4 7 8 4 . 4 6 5 7 . 4 2 7 9
2 0 2 . 9 8 6 5 . 6 9 6 1 . 5 2 3 3 . 5 2 2 3 . 5 0 2 1
2 1 2 . 8 8 8 9 . 7 2 0 8 . 5 6 0 2 . 5 7 1 7 . 5 7 0 3
2 2 2 . 8 1 4 ? . 7 3 9 8 . 5 8 9 7 . 6 1 4 8 . 6 3 3 3
2 3 2 . 7 6 2 2 • 7 5 3 6 . 6 1 2 9 . 6 5 2 9 . 6 9 2 4
2 4 2 . 7 2 8 9 . 7 n 3 1 . 6 3 2 0 • 6 8 8 3 . 7 4 9 6
M ale Mean -  28
EMALE
MEAN
2 5 3 0






1 5 5 . 2 5 5 1 . 2 5 3 5 . 0 0 6 4 - . 0 4 3 1 - . 1 4 4 2
1 6 a . 9 6 4 4 . 3 1 5 2 . 0 8 9 < * • 0 ^ 5 0 - . 0 4 2 9
1 7 4 . 6 7 7 3 • .3 7 8 8 . 1 6 2 3 .  1 2 6 2 . 0 5 2 8
18 4 . 4 1 9 2 . 4 3 0 5 . 2 2 5 / • 1 9 9 3 . 1 4 1 7
1 9 4 . 1 9 7 7 . 4 7 4 1 .  2 7 8 9 . 2 6 3 9 . 2 2 3 7
2*) 4 . 0 1 0 8 . 5 0 9 9 . 3 2 3 1 . 3 2 0 7 . 2 9 9 0
? ! 3 . ‘> 5 3 9 . 5  3 8 5 . 3 5 9 8 . 3 7 0 3 . 3 6 8 4
2 2 3 . 7 3 0 9 . 5 8 0 2 . 3 8 9 0 . 4 1 3 7 . 4 3 2 8
2 3 3 .  ' > 4 * 0 . 6 7 5 6 . 4 1 2 2 . <•525 . 4 9 3 5
2*. 3 . 5  > 7 2 . 4  3 1 3 . 4 8 8 7 . 5 5 2 3
2U0
. 0 8 2 9
• 0397 
. 1 5 6 7  
. 2 6 7 1  
. 3 7 0 0
• <*682 
. 5 6 0 0  
• 6 4 7 0  
. 7 3 0 1  
. 0 1 0 9
5 0
5 0
- . 2 9 7 3  
- . 1 7 3 5  
- . 0 5 4 9  
. 0 5 7 5  
.  1 * 3 3  
. 2 6 3 1  
. 3 5 7 4  
. 4 4 7 0  
. 5 3 2 9  
. 6 1 * 6
- . 2 5 8 8  
- . 1 0 9 7  
. 0 3 3 3  
. 1 6 9 5  
. 2 9 8 7  
• 4 2 1 4  
. 5 3 8 1  
. 6 4 9 4  
. 7 5 6 3  
. 8 6 0 1
5 5
5 5
- . 4 8 4 5
- . 3 3 2 3
- . 1 8 5 9
- . 0 4 6 0
. 0 8 7 1
. 2 1 3 7
. 3 3 4 4
• 4 4 9 8  
. 6 6 0 7
• 6 6 0 3
- . 4 5 1 1  
- . 2 7 4 4  
- . 1 0 4 9  
. 0 5 6 7  
• 2 1 0 6  
. 3 5 7 2  
. 4 9 7 2  
• 6 3 1 3  
. 7 6 0 4  
. 8 8 5 7
6 0
6 0
- . 6 8 9 3  
- . 5 0 7 0  
- . 3 3 2 0  
- . 1 6 4 7  
- . 0 0 5 2
• 1 4 6 8  
. 2 9 2 0
• 4 3 0 9  
. 5 6 4 6  
. 6 9 4 0
- . 6 0 3 7
- . 4 0 5 7
- . 2 1 6 3
- . 0 3 5 5
. 1 3 7 3
• 3 0 2 7
• 4 6 1 5
• 6 1 4 3
• 7 6 1 9
• 9 0 5 6
6 5
6 5
- . 8 4 9 2
- . 6 4 3 7
- . 4 4 6 9
- . 2 5 9 2- . 0 0 0 0
• 0 9 1 3  
. 2 5 5 4
• 4 1 3 2  
. 5 6 5 3
• 7 1 3 0
- . 7 7 6 0
- . 5 6 2 5
- . 3 5 7 7
- . 1 6 1 3
• 0 2 6 9  
. 2 0 7 6
• 3 8 1 0
• 5 5 0 5  
. 7 1 5 3  
. 8 7 7 7
7 0
7 0
- 1 . 0 2 4 4  
- . 8 0 2 8  
- . 5 9 0 3  
- . 3 8 6 7  
- • 1 9 1 8  
- . 0 0 4 9  
' . 1 7 4 6  
. 3 4  7 / 
. 5 1 5 6  
. 6 7 9 8
T A B L E  A . 4 . 2 .  :  ( C o n t i n u e d )
WIDOWERHOOD
FUNCTION ESTIMATED , 1
M ale Mean -  29
CENTRAL AGE OF HEN
f e m a l e
MEAN
2 S 3 0 3 5 4 0 4 5 5 0 5 5 6 0 6 5 7 0
I S 9 . 6 * 6 6 - . 0 6 6 7 - . 2 1 6 0 - . 2 4 5 2 - . 3 4 9 7 - . 5 1 4 0 - . 7 1 4 7 - . 9 3 4 4 - 1 . 1 0 3 8 - 1 . 2 8 2 4
1 6 9 . ^ 6 8 6 . 0 1 5 4 - . 1 2 3 6 - . 1 5 6 2 - . 2 4 9 2 - . 3 8 9 6 - . 5 6 0 1 - . 7 4 7 1 - . 8 9 0 6 - 1 . 0 5 2 1
1 7 B . 4 8 0  B . 0 9 0 4 - . 0 4 4 0 - . 0 7 5 3 - . 1 5 4 0 - . 2 7 0 0 - . 4 1 0 7 - . 5 6 6 7 - . 6 8 6 3 - . 8 3 1 4
I B 7 . 9 4 5 4 . 1 5 5 5 . 0 2 2 9 - . 0 0 2 7 - . 0 6 5 3 - . 1 5 6 4 - . 2 6 7 7 - . 3 9 3 9 - . 4 9 1 3 - . 6 2 0 2
1 9 7 . 4 8 3 1 . 2 1 0 2 . 0 7 8 1 . 0 6 1 6 • 0 1 6 8 - • 0 4 8 9 - . 1 3 1 1 - . 2 2 8 9 - . 3 0 5 2 - . 4 1 8 1
2 0 7 . 0 9 4 1 • 2 S S 0 . 1 2 3 1 . 1 1 8 0 . 0 9 2 6 . 0 5 2 7 - . 0 0 0 7 - . 0 7 1 3 - . 1 2 7 6 - . 2 2 4 4
? l 6 . 7 6 3 2 . 2 9 0 * .  1 5 9 4 .  1 6 7 4 . 1 6 2 7 .  1 4 9 2 . 1 2 3 8 . 0 7 9 2 • 0 4 2 4 - . 0 3 8 7
? ? 6 . 4 9 8 0 . 3 1 6 8 • 1 8 9 2 . 2 1 0 7 • 2 2 8 0 . 2 4 1 1 . 2 4 3 1 • 2 2 3 4 • 2 0 5 5 . 1 3 9 8
2 3 6 . 3 0 7 8 .  J 3 S 0 . 2 1 0 9 . 2 4 4 4 • 2 8 9 8 . 3 2 9 4 . 3 5 7 9 . 3 6 1 9 • 3 6 2 7 . 3 1 2 1
2 * 6 . 1 8 1 2 .  1 4 7  ? . 2 2 9 8 . 2 8 8 8 . 3 4 9 9 . 4 1 5 7 . 4 6 9 4 . 4 9 5 9 . 5 1 4 9 . 4 7 9 6
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A p p e n d i x  4 .3
T h e  E f fe c t  on W id ow ho o d  W eights o f  D i f f e r e n t  M o r ta l i ty  A ssu m p t io n s
W id o w h o o d  and  w id o w e rh o o d  w e ig h ts  fo r  d i f f e r e n t  le v e ls  and p a t te r n s  
o f  m o r t a l i t y  a re  sho w n  in T a b le  A .  4 . 3 .  T h e  m o rta l i ty  assum pt ion s  a r e
sh o w n  in  the  ta b le s .  T h e  w e ig h ts  a r e  a ll  f o r  one mean ag e  o f  r e s p o n d e n t ,  
20 fo r  fem ale  resp o n d en ts  and 25  fo r  m ale  re s p o n d e n ts .  Both  
e s t im a t in g  e q u a t io n s  for  each sex a r e  u sed .
TABLE A. * . 3 .  i WIDOWHOOD W IG H TS FOR DIFFERENT MORTALITY PATTERNS
MORTALITY PARAMETERS ,  Al p h a  -  Q. A0 5 7  B e t .  -  1 . 0  1 ( 2 )  .  6 5 0  Growth R a t .  -  1 . 1 SX
Femal e  Mean -  20
C E N T R A L  AGE O F  WOMEN
MftLF 2 0 2*5 3 0 3 5 4 0 4 5 5 0 5 5 6 0 6 5
MEAN
F u n c t i o n E s t i m a t e d
! 1 (N+5) / 1 ( 2 2 J )
1 9 - . 1 0 6 5  - .  ITAO - . 1 2 5 2 - . 1 5 3 7 - . 2 0 8 0 - . 2 8 4 1 - . 3 7 9 7 - . 4 5 5 1 - . 5 5 9 6 - . 6 2 0 3
2 0 - . 1 1 3 1  - a 0 « 7 9 - . 0 7 5 3 - . 0 8 8 6 - . 1 1 9 8 - . 1 6 9 5 - . 2 3 9 6 - . 2 9 5 8 - . 3 8 7 5 - . 4 4 5 6
21 - . c * 9 0  - . 0 5 1 1 - . 0 3 1 « - . 0 2 8 1 - . 0 3 5 7 - . 0 5 9 2 - . 1 0 4 5 - . 1 4 2 0 - . 2 2 0 6 - . 2 7 5 6
? 2 - . « 5 3 A - . 0 2 2 4 . 0 0 6 3 . 0 2 8 4 . 0 4 5 0 • 0 4 7 5 . 0 2 6 2 • 0 0 6 0 - . 0 5 8 2 - . 1 0 9 4
2 3 - • « 2 7 1  - . 0 0 0 1 • 0 4 0 0 • 0 8 2 0 • 1 2 3 1 • 1 5 1 0 . 1 5 2 9 . 1 5 1 5 • 1 0 0 4 • 0 5 4 3
2 4 - • 0 0 e 3 . 0 1 7 3 . 0 7 0 7 • 1 3 3 6 . 1 9 9 3 . 2 5 2 1 . 2 7 6 4 . 2 9 2 9 . 2 5 5 9 . 2 1 6 5
2 5 .  « « * 1 . 0 3 1 5 • 1 0 0 C .  1 « 4 7 . 2 7 4 9 . 3 5 1 6 . 3 9 7 6 • 4 3 1 8 • 4 0 9 4 . 3 7 9 0
2 6 . « 1 2 2 . 0 4 4 5 . 1 2 9 7 . 2 3 6 7 . 3 5 0 8 . 4 5 0 5 . 5 1 7 3 . 5 6 9 2 • 5 6 2 1 •  5 4 3 2
2 7 . « 1 8 5 . 0 5 8 0 . 1 6 1 2 . 2 9 0 7 •  4 2 8 0 . 5 4 9 6 • 6 3 6 4 . 7 0 6 1 . 7 1 5 6 . 7 1 0 8
2 0 . 0 2 5 1 . 0  7 3 2 . 1 9 5 6 . 3 4 7 4 . 5 0 7 0 •  6 4 9 4 . 7 5 5 0 •  8 4 3 3 . 8 7 1 0 •  8 8 3 5
? 9 . 0 3 3 5 . 0 9 0 9 . 2 3 3 3 . 4 0 7 1 . 5 8 0 1 . 7 5 0 2 . 8 7 5 6 . 9 8 1 5 1 . 0 2 9 9 1 . 0 6 3 3
3 0 . « 4 3 9 . 1 1 1 3 . 2 7 4 2 . 4 6 9 7 . 6 7 0 8 . 8 5 2 0 . 9 9 6 3 1 . 1 2 1 5 1 . 1 9 3 4 1 . 2 5 2 4
F u n c t i o n i E s t i m a t e d ! 1 (H«-5)/ 1 <27|>
t o 2 . 2 7 7 3 . 9 0 4 7 . 9 3 3 * . 7 4 5 9 •  5 8 8 1 . 3 7 0 1 . 1 4 0 5 - . 0 6 5 2 - . 2 8 2 0 - . 4 3 2 7
2 0 2 . * 1 9 8 . 5 2 7 7 . 8 7 7 9 . 7 9 9 0 . 6 5 8 2 . 4 7 3 5 •  2 6 4 2 •  0 8 2 6 - . 1 1 6 3 - . 2 6 0 2
2 1 2 . 1 7 2 3 . 9 4 7 4 . 5 1 4 « . 8 4 5 2 . 7 2 3 0 . 5 6 4 3 •  3 6 3 1 .  2 2 S 4 •  0 4 4 6 - . 0 9 2 0
2 2 ? . 1 3 h 4 . 9 6 . 3 7 . 9 4 4 3 . 8 8 5 5 . 7 8 3 4 . 6 5 1 2 . 4 9 8 0 . 3 6 3 8 •  2 0 1 5 . 0 7 3 0
? 3 2 . 1 0 5 * ) , < J 7 « 5 . 5 6 7 5 •  9 2 1 1 . 8 4 0 4 . 7 3 5 0 . 6 0 9 4 . 4 9 8 7 . 3 5 5 1
•  2 3 6 0
2 4 2 ,  « * * 5 4 # 9 P . 5 P . 5 8 5 6 . 9 5 3 2 . 8 9 5 1 . 8 1 6 5 . 7 1 8 2 . 6 3 0 8 . 5 0 6 3 . 3 9 8 3
2 5 2 . 0 7 2 1 . 9 9 2 0 1 . 0 0 0 3 . 9 8 3 7 . 9 4 8 8 . 8 9 6 9 . 8 2 5 3 . 7 6 1 2 . 6 5 6 2 . 5 6 1 5
* « 2 .  ' * 3 4 1 . 0 1 3 6 1 . 0 1 4 1 1 . 0 0 2 9 . 9 7 7 3 . 9 3 1 8 . 8 9 0 7 • 8 0 6 1 . 7 2 7 2
? 7 2 a * " ^ 6 6 . 5 1 . 0 2 7 1 1 . 0 4 6 0 1 . 0 5 0 4 1 . 0 5 8 5 1 . 0 3 H 6 1 . 0 2 0 5 . 9 5 7 6 . 8 9 7 0
* * 2  .  J * * ^ 5  11 . 0 0 2 7 1 . 0 4 2 2 1 . 0 8 0 3 1 . 1 1 6 1 1 . 1 4 1 2 1 . 1 4 6 4 1 . 1 5 1 3 1 . 1 1 2 0
1 . 0 7 2 9
2 0 2 . ? 4 ) 5  1l . 0  0  « 9 1 . 0 * 9 * 1 . 1 1 7 3 1 . 1 7 6 2 1 . 2 2 5 e 1 . 2 5 5 6 1 . 2 8 4 1 1 . 2 7 0 7
1 . 2 5 6 9
3 0 2 . - J 2 V 3  J1 . 0 1 2 0 1 . 0 7 8 9 1 . 1 5 7 1 1 . 2 3 0 7 1 . 3 1 2 1 1 . 3 6 6 4 1 . 4 1 9 5 1 . 4 3 5 0
1 . 4 5 1 3
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T A B L E A . 4 . 3 ( C o n t i n u e d )
WIDOWHOOD
MORTALITY PARAMETERS :  Al p h a  -  - 0 . 3 8 3 4  B e t a  -  1 . 0  -  9 0 0  Gr owt h Ra t a  -  3 . 1 5 *
F e m a l e  Mean -  2 0
CENTRAL AGE OF WOMENM A LE  MEAN 2 0 2 5 30 35 40 * 5 50 55 6 0 6 5
F u n c t i o n
1 9
E s t i m a t e d  - . 2 1 0 5  - S 1 (N ^5)/ 1 (2 2J)  . 1 6 9 ?  - . 1 8 1 0 - . 2 2 5 9 - . 2 8 7 4 - . 3 6 0 8 - . 4 4 6 2 - . 5 0 6 6 - . 6 0 6 7 - . 6 7 5 72 0 - . 1 4 7 ?  - . 1 1 0 7 - . 1 1 1 7 - . 1 3 3 6 - . 1 6 4 9 - . 2 0 5 8 - . 2 6 0 6 - . 2 9 8 0 - . 3 8 0 6 - . 4 4 4 7?1 • 0 6 ?  1 - . 0 4 8 7 - . 0 4 6 2 - . 0 4 7 6 - . 0 5 7 6 - . 0 8 4 1 - . 1 0 0 6 - . 1 6 6 9 - . 2 2 6 6
7? - . C S 0 7  - • 3 ?  15 . 0 0 8 9 . 0 3 7 0 . 0 6 4 9 • 0 84 3 • 0 8 3 8 • 0 8 6 3 • 0 3 5 1 - . 0 1 9 7? 3 - . 0 1 * 4 . 0 1 2 6 . 0 6 2 3 • 1166 . 1 7 3 3 .  2 2 0 2 . 2 4 3 6 • 2 6 3 6 • 2 2 6 6 . 1 7 7 5
? 4 . 3 0 9 7 • 0 4 ? 0 . 1 1 2 6 .  1936 . 2 7 8 2 . 3 5 0 8 . 3 9 5 9 . 4 3 2 1 • 4 0 8 6 • 3 6 6 82 S .  0 2 5 6 . 0 6 2 8 . 1 6 1 5 . 2 6 9 2 . 3 8 0 4 . 4 7 6 6 • 5 4 1 6 . 5 9 2 7 . 5 8 2 4 . 5 5 0 026 .  * >458 . 0 9 4 1 • ?  1 04 . 3 4 4 4 . 4 P 0 7 . 5 5 4 5 • 6 8 1 3 • 7 4 6 4 . 7 4 9 6 . 7 2 8 8? 7 . . * > * 0 5 • 1 ? 0 ? • ? 6 0 6 • 4 2 0 2 . 5 7 9 7 . 7 1 6 9 . 8 1 5 9 • 8 9 4 0 . 9 1 1 5 • 9 0 5 1
? « . ^ 7 5 9 • 1 4 7 « . 3 1 2 8 . 4 9 6 9 . 6 7 7 7 . 8 3 2 1 . 9 4 5 7 1 . 0 3 6 3 1 . 0 6 9 5 1 . 0 8 0 6
7 9 . 6 9 3 1 . 1 7 7 7 . 3 6 7 1 . 5 7 4 5 . 7 7 4 5 . 9 4 4 2 1 . 0 7 1 3 1 . 1 7 4 3 1 . 2 2 5 2 1 . 2 5 7 530 . 1 1 1 9 •  2 0 * 7 . 4 ? 3 4 . 6 5 2 6 . 8 6 9 9 1 . 0 5 3 2 1 . 1 9 2 7 1 . 3 0 8 8 1 . 3 7 9 7 1 . 4 3 8 1F u n c t i o n19 E s t i m a t e d2 . 3 0 6 6 ! 1 <N*S )/ l (2 7 J ) . « 7 5 1  • 7 4 4 9 • 6 0 1 4 • 4 0 8 1 . 1 4 4 9 - . 0 4 0 9 - . 2 2 2 7 - . 4 1 8 4 - . 5 5 7 9
?r> 2 . 2 3 7 3 . 9 0 1 7 . 7 9 8 5 . 6 7 2 2 . 5 0 4 7 . 3 1 6 4 . 1 2 3 2 - . 0 2 9 8 - . 2 0 2 5 - . 3 3 2 4
? l 2 . 1  MO 1 . 9 2 4 « . « 4 4 9 . 7 3 6 6 . 5 9 5 6 . 4 3 9 4 . 2 7 8 9 • 1 5 2 6 • 0 0 1 6 - . 1 1 9 222 2 . 1 3 3 ? •  ^4  u 4 .  8 6 « 6 . 7 9 5 5 • 6 8 1 5 • 5 5 6 5 • 4 2 6 8 . 3 2 5 3 . 1 9 4 8 • 0 8 3 223 P  •  G9*>? . 9 8 0 4 . 9 1 8 4 . 8 4 9 7 . 7 6 3 0 . 6 6 4 1 . 5 6 7 5 . 4 8 9 3 . 3 7 8 1 . 2 7 6 5
P*4 2 . J 6 o l . 9 7 3 1 . 9 4 7 7 . 9 0 0 4 •  8 4 1 0 . 7 7 5 0 . 7 0 1 6 . 6 4 5 3 . 5 5 2 6 •  4 6 2 4
2 5 ? . “ h 6 6 .  9 * ? 9 . * 7 4 1 . 9 4 9 0 . 9 1 6 5 . 8 7 4 0 . 8 2 9 9 . 7 9 4  2 . 7 1 9 6 • 6 4 2 7
2 6 . 9 * 0 9 . 9 9 9 1 . 9 9 6 9 . 9 9 0 5 . 9 7 7 8 . 9 5 3 4 . 9 3 6 9 . 0 8 0 6 . 8 1 9 0
P I .  f .  1 3 “* . 9 9 «  3 1 . 0 2 4 ? 1 . 0 4 5 0 1 . 0 6 3 6 1 . 0 7 5 0 1 . 0 7 2 5 1 . 0 7 4 4 1 . 0 3 7 0 . 9 9 3 2? 8 1 . 9 9 6 *  1i • U O S H l . o 5 0 2 1 . 0 9 4 1 1 . 1 3 6 4 1 . 1 7 0 0 1 . 1 9 7 9 1 . 2 0 7 4 1 . 1 9 0 3 1 . 1 6 7 229 1 . 9 7 » ; ?  IL .  0  1 1 1 . 0 7 7 7 1 . 1 4 4 1 1 . ? 0 « 7 1 . 2 6 3 0 1 . 2 9 9 9 1 . 3 3 6 » 1 . 3 4 1 7 1 . 3 4 3 1
1 . 9 6 7 *  ]1 . 0 ? 3  1 1 . 1 0 6 8 1 . 1 9 5 0 1 . ? « 0 4 1 . 3 4 3 4 1 . 4 0 8 7 1 . 4 6 3 6 1 . 4 9 2 6 1 . 5 2 3 2
T A B L E  A . 4 . 3 .  i  ( C o n t i n u e d )
WIDOWHOOD
MORTALITY PARAMETERS : A lp h a  -  - 0 . 1 2 1 0  B a t a  -  0 . 8  1 (2) -  800 Growth Ra ta  -  2.17X
Fe n a l a  Mean -  20
C E NT R AL  AGE OF WOMENM At F •1e AN 20 25 3 0 35 40 4 5 50 5 5 60 65
F u n c t i o n19 E s t i m a t e d  : - . I H 8 < .  - 1 1 <N*3) • 1 * 0 4 / l ( 2 2 i )- . 1 3 6 4 - . 1 6 9 1 - . 2 2 5 0 - . 2 9 8 9 - . 3 8 8 6 - . 4 5 4 4 - . 5 5 3 1 - . 6 1 * 320 — • i  - . 0 9 1 3 - . 0 5 1 3 - . 0 9 6 0 - . 1 2 5 5 - . 1 6 9 2 - . 2 2 8 9 - . 2 7 0 7 - . 3 4 9 9 - . * 0 2 0?1 • 0 S 1 A - . 0 3 2 6 - . 0 2 7 5 - . 0 3 0 3 - . 0 4 4 5 - . 0 7 5 9 - . 0 9 5 2 - . 1 5 6 0 - . 1 9 9 8
P? - . , . 4 9 9  - . 0 1 9 « . 0 1 0 8 • 0 3 7 1 • 0 6 1 3 . 0 7 5 7 . 0 7 1 0 . 0 7 2 7 . 0 2 9 3 - . 0 0 6 3
P3 . 0 0 5 5 • 0 5 0 1 . 0 9 6 8 • 1499 • 1910 • 2 1 2 2 . 2 3 3 5 • 206 6 . 1 7 9 6
?u - . * 0 0 9 . 0 2 5 5 •  0 5 6 4 . 1 5 0 6 . 2 3 6 3 • 3 0 4 5 . 3 4 8 3 • 3 6 8 1 . 3 7 6 8 . 3 5 9 3? 5 . * 1 1 ? . 3 4 3 5 . 1 2 1 6 • 2 1 7 P • 3 2 1 6 • 4 1 4 5 • 4801 . 5 3 7 2 . 5 4 0 9 . 5 3 * 026 . 0 2 1 1 . O b O O . 1 5 7 2 . 2 7 7 7 . 4 0 6 6 . 5 2 2 6 . 6 0 8 3 • 6 8 1 6 • 6 9 9 9 . 7 0 5 227 . 0 3 1 « • C 7 71 . 1 9 4 7 . 3 3 9 4 . 4 9 2 2 . 6 2 9 4 . 7 3 3 5 . 8 2 1 9 • 8 5 5 2 . 8 7 * 328 . 0 4 0 7 . 0 9 6 0 . 2 3 5 0 . 4 0 3 5 . 5 7 6 6 . 7 3 5 2 • 8 5 6 3 . 9 5 0 9 1 . 0 0 7 7 1 . 0 * 2 629 .  i>S 1 s . 1 1 7 * . 2 7 8 6 . 4 7 0 0 . 6 6 5 8 . 9 4 0 1 . 9 7 6 7 1 . 0 9 3 0 1 . 1 5 8 4 1 . 2 1 1 610 • 064«* .  1 M  « . 3 2 5 1 • 5 3 6 6 . 7 5 3 5 • 9 4  39 1 . 0 9 4 9 1 . 2 2 4 8 1 . 3 0 8 3 1 . 3 8 3 0F u n c t i o n E s t im a t e d? . 2 * ? 9 S 1 (N*5). 9 0 1 0 / l ( 2 7 | >• M l  71 . 7 1 4 9 . 5 4 7 1 • 3 3 4 2 • 1012 - . 0 9 3 6 - . 2 9 9 9 - . * * 5 2
P'j 2 . 2 0 1 « • ??<* 5 . « 6 2 9 . 7 7 1 6 . 6 2 3 7 . 4 3 9 6 • 2 3 9 2 . 0 7 3 3 - . 1 0 8 3 - . 2 3 9 8? i 2 . 1S u 4 • '-#4<*6 . 9 0 1 2 . « 2 1 7 • 6951 . 5 3 9 9 . 3 7 1 0 • 2 3 2 6 . 0 7 4 6 - . 0 * 3 7
Pc 2 . | 1 « ‘ • 5 S 1 4 . 4 1 3 6 . 8 6 6 2 . 7 6 2 1 • 6 3 5 7 . 4 9 7 2 • 3 8 5 0 . 2 4 9 5 . 1 * * 123 ?.« .* h 54 , Q 7 u 4 . 9 5 « 0 . 9 0 6 1 . 0 2 5 5 . 7 2 7 7 • 6 1 9 4 • 5 3 1 2 . 4 1 7 1 . 3 2 * 8
Pu ? .  * . * 3 * . 9 4 4 7 . 0 7 4 5 . 0 4 2 6 . 0 0 6 5 . 9 1 6 6 . 7 3 5 2 . 6 7 1 8 . 5 7 8 3 . * 9 9 9
2 S > .  t U .  » 4 1 * • - * 9 5 * . 9 7 7 6 • 4«*61 . 9 0 3 3 . 0 4 9 5 . 8 0 7 6 . 7 3 4 1 . 6 7 0 6
P*1 2 .  J «79 .  9 9 6 7 1 . 0 1 2 1 1 . 0 1 2 0 1 . 0 0 5 5 • 9 9 4 0 . 9 5 9 1 . 9 3 9 5 • H 05S . 8 3 8 *
2 7 <f.  2 ^  1 .  r. «V. * 1 . 0 2 * 6 1 . 0 4 9 0 1 . 0 6 5 6 1 . 0 7 3 6 1 . 0 6 7 5 1 . O b d l 1 . 0 3 3 9 1 . 0 0 * *
2 4 2 .  1*4 l . 4 0 5 2 1 • 0 4 6 4 1 . 0 0 7 1 1 . 12o 9 1 . 1 5 8 3 1 . 1 7 4 3 1 . 1 9 4 0 1 . 1 8 0 2 1 . 1 7 0 3
2 ■» 2 .  K  7 • 1 • < i »* * 1 . 0 6 6 1 1 . 1 2 7 6 l .  l h 5 S 1 . 2 4 2 9 1 . 2 7 9 7 1 . 3 1 6 0 1 . 3 2 5 5 1 . 3 3 7 5
1 * 1 • •• 4U  4 1 . 4 l . « » H - 3 1 • 1 6 * 9 1 . 2 5 3 2 1 . « 2 7 3 1 . 3 8 3 6 1 . 4 * 0 4 1 . 4 7 0 6 1 . 5 0 7 7
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1 A B L E  A . 4 . 3 .  :  ( C o n t i n u c d )
WIDOWHOOU
MORTAL IT Y PARAME1ERS : Al p h a  -  0 . 2 3 6 6  B a t a  *  1 . 3  1 ( 2 )  *  8 0 0  Crowth • 1 . 7 3 1
P é n a l a  Maan -  20
m a l eMEAN ? 0 CEN TR AL  2 5  30 AGE 0 F wOMEN3 5  40 4 5 50 55 60 6 5
Fu ñ e ti o n Es  t i m a t e d ' l (N+5) A (22»)1<* - . 2 1 2 *  - . 1 7 ( 7 - . 1 B 2 1 - . 2 2 5 9 - . 2 8 9 0 - . 3 6 8 8 - . 4 6 5 6 - . 5 4 0 9 - . 6 4 3 8 - . 6 9 4 020 - . 1 4 9 8  - . 1 1 4 0 - . 1 1 5 * - . 1 3 9 2 - . 1 7 6 5 - . 2 2 9 e - . 3 0 3 6 - . 3 6 4 7 - . 4 6 2 3 - . 5 1 9 421 - . 0 9 7 ?  - . 0 6 6 0 - . 0 5 5 1 - . 0 5 7 4 - . 0 6 8 8 - . 0 9 6 2 - . 1 4 7 8 - . 1 9 5 0 - . 2 8 6 1 - . 3 4 9 122 - . 0 5 3 9  - • 0 ? 6 ? - . 0 0 0 1 • 0 2 0 1 . 0 3 4 5 . 0 3 2 5 • 0023 - . 0 3 1 0 - . 1 1 4 7 - . 1 8 2 0? 1 - . 0 1 9 6 . 0 0 7 0 . 0 5 0 3 . 0 9 4 1 . 1 3 4 2 . 1 5 6 8 . 1 4 7 3 • 1281 • 0531 - . 0 1 6 624 . 0 0 6 5 . 0 3 5 3 . 0 9 7 4 • 1 6 5 4 . 2 3 0 9 . 2 7 7 2 . 2 8 7 9 • 2 8 3 4 • 2 181 . 1 4 8 725 . 0 2 6 3 . 0 6 0 4 . 1 4 2 7 . 2 3 5 1 . 3 2 5 4 • 3 9 4 6 • 4251 . 4 3 5 9 • 3 8 1 6 . 3 1 5 9? A . 3 4 2 1 . « ) H 4 i . 1 8 7 8 . 3 0 4 4 . 4 1 8 8 • 5 1 0 0 . 5 5 9 8 . 5 8 6 7 . 5 4 5 3 . 4 8 7 0? 7 . 0 . 5 6 1 . 1 0 8 1 . 2 3 3 7 . 3 7 4 4 . 5 1 1 9 . 6 2 4 0 . 6 9 3 0 . 7 3 6 9 • 7 110 • 6 6 4 2? « . 0 7 0 3 . 1 3 3 2 • ? P  15 . 4 4 5 6 • 6 051 . 7 3 7 4 . 0 2 5 7 • 8 8 7 8 • 8 8 0 5 • 8 5 0 1? 9 . 0 0 6 0 . 1 4 0 3 . 3 3 1 3 . 5 1 8 3 . 6 9 8 7 . 8 5 0 5 . 9 5 8 4 1 . 0 4 0 4 1 . 0 5 5 8 1 . 0 4 7 530 . 1 0 3 3 • 1 8 9 3 . 3 8 3 2 . 5 9 2 1 . 7 9 2 6 . 9 6 3 6 1 . 0 9 1 8 1 . 1 9 5 9 1 . 2 3 8 9 1 . 2 6 0 0
Fu nct io n Es t im a ted ' 1 (N+5) / l (2 7J)1*? 2 . 3 3 4 2 . ■ >717 . 7 4 0 4 • 60  1 ti . 4 1 2 8 .  1 9 0 7 - . 0 4 5 2 - . 2 4 0 7 - . 4 4 2 2 - . 5 6 7 120 2 . 2 6 5 1 • 8 9 ^ 7 . 7 9 4 8 . 6 7 2 0 . 5 0 5 7 • 3 1 1 4 • 1028 - . 0 7 3 1 - . 2 6 4 2 - . 3 9 2 7?1 ? .  *  372 . 9 2 2 3 . 8 4 1 9 . 7  358 . 5 9 3 1 . 4 2 6 7 . 2 4 5 0 • 0887 - . 0 9 1 3 - . 2 2 2 1
?? 2 . 1 5 9 6 .  5 4 ?  3 . 2 8 2 2 . 7 9 3 8 . 6 7 5 7 . 5 3 7 3 . 3 0 2 1 . 2 4 5 3 . 0 7 7 6 - . 0 5 4 2
?1 ? . l ? 1 3 . 95Mf» . 9 1 6 5 . 3 4 7 1 . 7 6 4 2 . 6 4 3 7 . 5 1 4 7 . 3 9 7 8 . 2 4 3 2 • 1 1 2 6
?u 2 . 0 9 3 1 . 9 7 1  P .9*459 . 8 9 6 6 . 8 2 9 7 . 7 4 6 7 • 6 4 3 6 . 5 4 7 0 • 4 0 6 7 • 2 8 0 0
? 5 2 . 0 7 1 3 . 5 6 1 9 . 9 7 2 0 .  9 4 4 0 . 9 0 3 1 . 8 4  73 . 7 6 9 0 . 6 9 4 1 . 5 6 9 4 • 4 5 0 0
?*» 2 .  «..64.3 .  9 9 0  0 . 9 9 6 6 . 9 9 0 6 . 9 7 5 7 . 9 4 6 5 • 8 943 . 8 4 0 2 • 7 3 3 2 . 6 2 4 6? 7 2  .  : Ir**» . 9 9 7 ? 1 . 0 2 0 9 1 . 0 3 7 7 1 . 0 4 8 3 1 . 0 4 6 3 1 . 0 1 8 3 • 9 8 6 5 . 8 9 9 7 • 8 0 6 4
1 • ' i 0 4 5 l  .•',<♦ 62 1 . C * 5 9 1 . 1 2 1 7 1 • 1 442 1 . 1 4 2 6 1 . 1 3 4 3 1 . 0 7 1 0 . 9 9 7 8
? 9 2 .  ' " 5 4  1. • 1 2 * 1 . ; > 7 ? 9 1 • 1356 1 . 1 9 6 1 1 . 2 4 1 8 1 . 2 6 7 8 1 . 2 8 4 6 1 . 2 4 9 1 l . 2 0 2 0
Vj l  .  >"6 7 1 . 0 * 1 * 4 . 1 0 1 1 1 . 1 8 7 1 1 . 2 7 1 5 1 . 3 4 4 3 1 . 3 9 4 5 1 . 4 3 0 9 1 . 4 3 6 2 1 . 4 2 2 6
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T A B L E  A . 4 . 3 .  :  ( C o n t i n u e d )
WIDOWERHOOD
MORTALITY PARAMETERS :  A l p h .  -  0 . 2 3 6 6  « e t .  - 1 . 3  l ( 2 ) -  8 0 0  G r o w t h  R . t .  -  1 . 7 5 X
Ma l e  Mean -  23
C F M T P A L  AGfc OF MtN
FFMALE
m f  AN
2 S 3 0 3 5 4 0 4 5 5 0 5 5 6 0 6 5 7 0
F u n c t i o n E s t i m a t e d  : l ( N - 5 ) / 1 ( I 7 i )
I S - . 3 3 2 5  - . 1 4 1 9 - . 3 1 7 1 - . 3 1 1 6 - . 3 2 8 2 - . 1 5 1 6 - . 3 8 5 7 - . 4 3 8 5 - . 4 7 6 4 - . 5 5 4 6
I S - . 2 1 7 1  - . 2 4 1 7 - . 2 2 1 5 - . 2 0 8 4 - . 2 0 6 6 - . 2 0 8 9 - . 2 2 2 7 - . 2 5 9 0 - . 2 8 9 0 - . 3 6 4 3
17 - . 1 4 9 3  “ • 153<* - . 1 3 5 3 - . 1 1 0 9 - . 0 9 0 0 - . 0 7 1 6 - . 0 6 5 8 - . 0 8 6 3 - . 1 0 7 9 - . 1 7 9 0
1H - . 0 7 2 5  - . 0 7 9 ? - . 0 5 8 4 - . 0 2 0 1 • 0 2 0 4 . 0 5 9 4 . 0 8 4 5 . 0 7 9 6 • 0 6 7 4 • 0 0 1 6
1 9 - . ( ' ¿ 3 7 3  - . 0 1 5 2 • 0  0 9 8 . 0 6 3 7 • 1 2 4 2 . 1 8 3 9 . 2 2 7 9 • 2 3 8 8 . 2 3 7 3 . 1 7 8 2
? 0 • 0 4 s s . 0 3 1 4 . 0 7 0 0 • 1 4 0 9 . 2 2 1 8 • 3 0 2 3 . 3 6 5 0 . 3 9 1 9 • 4 0 2 6 • 3 5 2 0
P I . 0 4 * 7 7 . 0 7 1 ? . 1 2 2 9 • 2 1 2 1 . 3 1 3 8 . 4 1 4 9 . 4 9 6 3 . 5 3 9 7 . 5 6 4 1 • 5 2 4 6
PP. • 1 2 2 4 . 1 0 2 * 7 .  1 6 9 3 . 2 7 7 9 • 4 0 0 8 . 5 2 2 5 • 6 2 2 5 • 6 8 3 1 . 7 2 2 6 . 6 9 7 5
2 3 • 1 A S S .  1 2 5 2 . 2 1 0 7 . 1 3 9 6 . 4 8 3 9 . 6 2 5 8 . 7 4 4 4 . 8 2 3 2 . 0 7 9 4 • 8 7 2 8
2 4 . I S I S • 1 4 9 1 . 2 4 9 3 . 3 9 9 0 . 5 6 4 6 . 7 2 6 3 . 8 6 3 5 . 9 6 1 2 1 . 0 3 6 2 1 . 0 5 2 8
F u n c t i o n
I S
E s t i m a t e d
P. . 6 5 * 5
S l ( N- 5 )  
. 7 7 2 5
/ l ( 2 2 J ) 
. 5 7 5 2 . 5 0 4 5 • 4 0 1 8 • 2 6 3 0 • 1 0 1 5 - . 0 7 3 3 - . 2 1 5 5 - . 3 7 7 9
l * 2 . 5 3 8 0 . 5 1 4 0 . 6  5 6 4 . 5 9 9 3 . 5 0 9 6 • 3 8 9 3 . 2 4 9 2 . 0 9 4 8 - . 0 3 4 7 - . 1 9 0 2
1 7 ? . 4 ? * 8 . 0 5 ^ 4 . 7 3 1 7 . 6 8 6 8 . 6 1 0 8 . 5 0 9 6 . 3 9 0 9 . 2 5 6 5 • 1 4 0 4 - . 0 0 7 2
1 « 2 . 3 3 3 1 .  *>869 . 7  9 5 4 . 7 6 5 9 . 7 0 4 5 • 6 2 3 0 . 5 2 6 0 • 4 1 1 8 • 3 1 0 0 . 1 7 1 7
1*7 2 . 2 5 2 1 . 5 1 7 1 • - * 5 4 5 . 8 3 * 2 .  7 9 0 5 . 7 2 9 6 . 6 5 4 5 . 5 6 0 9 . 4 7 4 0 • 3 4 7 1
? ? 2 . 1 2 S A . 9 4  37 . 5 0  3 5 . 8 4 8 1 . 8 6 9 4 . 8 2 9 8 . 7 7 6 9 . 7 0 4 5 . 6 3 5 4 • 5 2 0 4
P \ »  • 1 11  s . 4 4 9  7 . 9 5 2 3 . 9 4 2 0 . 9 2 4 2 . 8 9 4 0 . 8 4 3 5 . 7 9 2 7 . 6 9 3 1
?■? ? . - w i f > . 9 ^ 1 7 .  ^ - 1 2 .  4 9 v 6 1 . 0 0 9 0 1 . 0 1  ) 6 1 . 0 0 6 5 . 9 7 8 7 . 9 4 7 6 . 8 6 7 0
? 1 2 . ^ S 2 1 , 9 4 » >7 1 . 9 u 9 0 1 . 0 4 1 7 1 . 0 7 1 8 1 . 0 9 9 1 1 . 1 1 5 4 1 . 1 1 1 2 1 . 1 0 1 4 1 . 0 4 4 1
?.<* 2 . 0 4  2 S  l . 0 0 5 8 l . 0 1 2 1 1 . 0 6 0 7 1 . 1 3 2 0 1 . 1 8 2 1 1 . 2 2 2 2 1 . 2 4 2 3 1 . 2 5 6 1 1 . 2 2 6 7
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( C o n t i n u e d )r f V J T  t 
W1DOWERHOOD
MORTALITY PARAMETERS : Al pha  -  0 . 4 0 5 7  B e t a  • 1 . 0  1 ^  • 6 5 0  C r o v t h  R a t e  -  1 . 1 5 X
Mal e Mean -  25
f e m a l e
Mf  AN
2 5 3 0





4 5 so 5 5 6 0 6 5 7 0
F u n c t i o n E s t i m a t e d * 1 ( N- 5 ) ' ‘ { w o
1 5 - . 3 2 4 2 - . 3 2 5 6 - . 2 9 0 9 - . 2 7 8 8 - . 2 9 0 5 - . 3 1 0 7 - . 3 0 2 2 - . 3 9 0 5 - . 4 2 3 3 - . 0 9 5 5
1ft - . 2 3 0 6 - . ? 3 f t * - . 2 1 0 7 - . 1 9 4 7 - . 1 9 0 5 - . 1 0 0 3 - . 2 0 0 2 - . 2 2 9 2 - . 2 4 9 3 - . 3 1 2 0
1 7 - . 1 SH9 - . 1 5 * 8 - . 1 3 9 8 - . 1 1 6 1 - . 0 9 5 0 - . 0 7 * « - . 0 6 3 2 - . 0 7 3 5 - . 0 8 0 9 - . 1 3 3 7
1 « - . 0 8 9 2 - . 0 9 * 6 - . 0 7 8 1 - . 0 * 4 3 - . 0 0 5 5 . 0 3 5 8 . 0 6 7 9 . 0 7 5 8 • 0 8 1 9 • 0 3 9 5
1 0 - • *  3 0 5 -  • 0*» 3 3 - . 0 2 5 3 . 0 2 0 5 . 0 7 7 8 . 1 0 0 1 . 1 9 2 9 • 2 1 9 1 • 2 3 9 2 . 2 0 8 0
2 0 . 0 1 7 4 - . 0 0 3 5 . 0 1 9 3 . 0 7 8 7 . 1 5 5 3 . 2 3 8 9 . 3 1 2 2 . 3 5 6  7 . 3 9 1 7 • 3 7 2 S
2 1 . 0 5 5 0 • 0 2 f t 5 . 0 5 6 6 • 1 3 1 2 . 2 2 7 8 . 3 3 1 0 . 0 2 6 6 . 4 8 9 4 . 5 3 9 9 . 5 3 0 3
? ? . 0 0 2 1 . 0 4 8 2 . 0 6 7 4 . 1 7 8 8 • 2 9 6 1 . 0 2 2 9 . 5 3 6 6 . 6 1 7 9 • 6 8 4 6 . 6 9 0 7
2 3 . * 4 9 ? . 0 6 3 2 • 1 1 3 * . 2 2 2 9 . 3 6 1 5 . 5 0 9 6 . 6 0 3 2 . 7 4 3 2 •  8 2 6 7 . 8 5 0 9
?<* •  1 <*88 . 0 7 * 1 . 1 3 7 0 . 2 6 5 6 •  4 ? 5 8 . 5 9 0 8 . 7 0 7 7 •  8 6 6 6 •  9 6 7 8 1 . 0 1 6 9
FUNCTION ESTIMATED 1 ' (N -s /1^ ! )
1 5 2 . f t l 0 1 . 7 9 9 3 •  6 4 5 1 •  6 1 6 8 •  5 4 6 1 . 0 2 3 1 . 2 6 0 1 . 0 8 3 9 - . 0 6 8 0 - . 2 0 1 2
1ft ? • 5 0 f t 0 •  8 3 f t C . 7 1 7 6 . 6 9 8 4 •  6 3 5 4 . 5 2 7 6 . 3 8 9 2 •  2 3 1 1 •  0 9 6 6 - . 0 6 3 0
1 7 2 . 4 0 9 1 . 8 7 0 3 • 7 P 4 5 . 7 7 2 4 •  7 1 8 0 . 6 2 6 0 . 5 0 9 0 . 3 7 2 9 . 2 5 5 9 . 1 1 0 5
1 0 2 . 3 2 4 3 . 9 0 1 1 •  8 4  3 7 . 8 3 7 3 . 7 9 2 7 . 7 1 8 5 . 6 2 2 6 •  5 0 8 7 •  4 1 0 0 . 2 7 9 3
19 2 . 2 5 2 9 . 9 2 8 ? . 8 9 4 0 •  8 9 2 7 . 8 6 9 5 . 8 0 3 8 . 7 3 0 1 •  6 3 6 7 . 5 5 9 1 . 0 0 3 9
? * 2 . 1 4 4 7 . 9 5 1 3 . 9 3 4 7 . 9 3 9 2 •  9 1 9 0 . 8 8 3 0 . 8 3 2 0 •  7 6 3 6 . 7 0 3 7 . 6 0 5 3
21 2 . 1 4 9 0 . 9 7 0 * . 9 6 6 1 . 9 7 7 6 . 9 7 2 3 . 9 5 7 0 . 9 2 9 2 . 8 8 4 2 •  8 4 4 5 . 7 6 0 6
2 2 2 . 1 1 6 1 . 9 8 9 0 1 . 0 0 9 1 1 . 0 2 0 4 1 . 0 2 8 6 1 . 0 2 2 0 1 . 0 0 1 1 •  9 8 2 3 . 9 2 3 1
2*» 2 . 0 4 a ? . 9 9 * * ? 1 . 0 0 4 9 1 . 0 3 5 4 1 . 0 6 4 8 1 . 0 9 3 1 1 . 1 1 2 8 1 . 1 1 5 5 1 . 1 1 8 2 1 . 0 8 2 0
2** 2 . ^«3f t , 9 9 9 f t 1 . 0 1 6 3 1 . 0 5 8 9 1 . 1 0 7 5 1 . 1 5 8 3 1 . 2 0 1 7 1 . 2 2 8 4 1 . 2 5 3 8 1 . 2 0 0 1
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T A B L E  A . 4 « 3 *  t  ( C o n t i n u e d )
WIDOWERIIOOD
MORTALITY PARAMETERS :  Al p h a  -  - 0 . 1 2 1 0  B e t a  -  0 . 8  1 ( 2 )  *  8 0 0  C r o wt h  R a t e  -  2 . 1 7 X
Mal e  Mean ■ 25
F E M A L E
U F A N






4 5 5 0 5 5 6 0 6 5 7 0
FUNCTION ESTIMATED
* 1 ( N - 5 ) / 1 ( 1 7 j )
1 * - . 3 2 4 4 - . 3 3 1 0 - . 2 9 7 2 - •2 « 5 7 - . 2 9 6 6 - . 3 1 3 5 - . 3 3 9 0 - . 3 7 8 9 - . 4 0 1 6 - . * 6 7 1
l * - . 2 3 5 5 - . 2 3 7 2 - . 2 1 2 1 - . 1 9 4 7 - . 1 8 7 3 1 8 1 3 - . 1 8 2 4 - . 1 9 9 4 - . 2 0 5 3 - . 2 5 5 7
17 - . 1 5 4 « - . 1 5 5 5 - . 1 3 5 5 - . 1 0 9 5 - . 0 8 3 1 - . 0 5 4 5 - . 0 3 2 2 - . 0 2 8 0 - . 0 1 8 1 - . 0 5 * 1
1 « - . 0 4 3 4 - . 0 H 9 5 - . 0 7 0 2 - . 0 3 1 1 . 0 1 4 9 . 0 6 5 0 •  1 1 0 8 . 1 3 5 0 •  1 6 0 2 . 1 3 7 6
1 9 - . 0 2 3 2 - . 0 3 5 7 - . 0 1 2 « . 0 4 0 2 . 1 0 6 4 .  1 7 9 9 . 2 4 6 4 . 2 8 9 7 . 3 2 9 9 . 3 2 0 2
? 0 . 0 2 5 1 . 0 0 5 7 . 0  3 5 4 . 1 0 4 9 . 1 9 2 0 . 3 8 7 9 . 3 7 5 2 • 4 3 6 8 •  4 9 1 6 . * 9 * 6
? \ •  u 5 5 0 . 0 3 9 3 . 0 7 8 4 . 1 6 3 9 . 2 7 2 4 . 3 9 0 * . 4 9 7 8 . 5 7 6 9 . 6 4 5 7 . 6 6 1 9
2 2 . 0 9 3 2 .  0 5 3 5 • 1 1 4 0 • 2 1 8 1 . 3 4 8 5 . * « 8 1 • 6 1 4 8 . 7 1 0 7 . 7 9 3 1 . 8 2 3 3
2 3 . 1 1 1 7 • 0 * 1 4 . 1 4 5 0 . 2 6 8 9 . 4 2 1 4 . 5 8 2 1 . 7 2 7 1 . 8 3 9 0 . 9 3 4 6 . 9 8 0 0
? 4 . 1 2 2 5 • 0 9 5 2 . 1 7 3 7 . 3 1 8 2 • 4 9 2 8 . 6 7 3 6 . 8 3 5 7 . 9 6 3 0 1 . 0 7 1 5 1 . 1 3 3 *
F u n c t i o n  E s t i m a t e d
1 5  2 . 5 8 9 4
* 1 ( N - 5 )
• 7989
/ 1 ( 2 2 J )
. 5 3 9 « • 6 0 1 6 • 5 2 1 6 . 3 9 * 3 . 2 3 6 8 • 0 6 4 2 - . 0 7 5 9 - . 2 3 8 2
1 5 2 . a «  15 • 8  i *  1 . 7 1 3 1 • 6 « 5 1 . 6 1 4 9 . 5 0 5 2 . 3 7 1 2 . 2 2 4 1 • 1 0 5 4 - . 0 3 7 1
17 2 . 3 4 5 5 . 8 7 0 8 • 7 H 0  7 • 7 6 1 0 . 7 0 1 4 . 6 0 9 8 . 4 9 9 0 . 3 7 6 4 . 2 7 8 4 . 1 5 * 6
1 ? 2 . 2 9 9 H •  3 0 1 9 • 4 4 0 5 . 8 2 7 9 . 7 7 9 9 . 7 0 7 * • 6 1 9 6 • 5 2 0 8 • 4 4 2 9 . 3 3 7 1
1 9 2 . 2 2 7 5 . 9 2 9 2 . « 9 1 5 • « « 5 7 . 8 5 0 7 . 7 9 8 0 . 7 3 3 2 • 6 5 7 6 . 5 9 9 4 . 5 1 1 0
2 0 2 . 1 5 8 4 . 3  3 2 5 . 9  3 3 * . 9 3 4 9 . 9 1 4 4 . 8 8 2 2 • 8 4 0 3 . 7 8 7 4 . 7 4 8 4 . 6 7 7 *
2 1 2 . 1 2 1 « . 9 7 1 9 • 9 6 6 3 . 9 7 6 4 . 9 7 1 9 . 9 * 0 7 • 9 4 1 6 . 9 1 0 9 • 8 9 0 5 . 8 3 7 *
2 ? 2 . 0 8 7 9 .  9 “ 5 7 .  - #910 1 . 0 1 1 2 1 . 0 2 4 3 1 . 0 3 « 6 1 . 0 3 7 9 1 . 0 2 8 8 1 . 0 2 6 5 . 9 9 2 1
2 3 2 . ^ 5 3 7 .  5 9 5 5 1 . 0 0 9 1 1 . 0 4 1 1 1 . 0 7 3 0 1 . 1 0 * 8 1 . 1 3 0 1 1 . 1 4 2 0 1 . 1 5 7 4 1 . 1 * 2 9
? u ¿•.rt524 l  •  8  0  2  7 1 . 0 2 2 9 1 . 0 6 8 5 1 . 1 1 9 8 1 . 1 7 2 9 1 . 2 1 9 5 1 . 2 5 1 4 1 . 2 8 4 * 4 1 . 2 9 0 7
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TABLE A .4 . 3 .  i (C on tin u ed )
WIDOWERHOOD
MORTALITY PARAMETERS :  Al p h a  -  - 0 . 3 8 3 4  B e t a  -  1 . 0  1 ^  • 9 0 0  Growth R a t e  -  3 . 1 5 X
Mal e  Mean -  25
CENTRAL AGE OF MEN
FEMALE
MEAN
2 5 3 0 3 5 4 0 4 5 5 0 5 5 6 0 6 5 7 0
F u n c t i o n E s t i m a t e d
'  1 ( N - 5 ) 7 1 ( 1 7 1 )
l * —, 3 3 5 6 - . 3 4 4 0 - . 3 1 6 7 - . 3 1 0 3 - . 3 2 3 8 - . 3 4 0 5 -  « 3 6 3 6 - . 4 0 1 3 - . 4 2 3 6 - . 4 9 7 1
1 6 —• 2 3 8 7 - . 2 4 0 4 - . 2 1 8 8 - . 2 0 2 8 - . 1 9 5 1 - . 1 8 7 1 - . 1 8 5 2 - . 2 0 0 1 - . 2 0 6 7 - . 2 6 6 3
17 - . 1 4 9 9 - . 1 5 1 1 - . 1 3 0 7 - . 1 0 1 5 - . 0 7 2 2 - . 0 4 0 « - . 0 1 5 0 - . 0 0 9 5 - . 0 0 1 7 - . 0 4 8 5
l  « - • 0 7 2 4 - . 0 7 6 3 - . 0 5 2 0 - . 0 0 7 2 • 0 4 3 9 . 0 9 8 9 . 1 4 6 2 . 1 7 0 5 • 1 9 1 8 . 1 5 6 8
i s - • ? C 6 9 - . 0 1 6 « . 0 1 7 9 • 0 6 0 0 . 1 5 3 1 . 2 3 0 7 • 2 9 6 5 • 3 4 0 2 . 3 7 4 4 . 3 5 0 6
2 0 • C 4 7 3 . 0 3 5 2 . 0 7 9 7 . 1 6 0 5 • 2 5 5 6 .  3 5 5 3 . 4 4 2 4 . 5 0 0 2 . 5 4 6 8 . 5 3 4 4
2 1 . 0 9 0 5 . 0 7 5 6 . 1 3 4 3 . 2 3 5 0 . 3 5 2 3 . 4 7 3 1 . 5 7 8 4 • 6 5 1 5 . 7 0 9 8 . 7 0 9 5
2 2 • 1 2 3 0 . 1 0 7 « . 1 8 2 5 • 3 0 4 1 . 4 4 3 7 . 5 8 4 9 . 7 0 7 1 . 7 9 4 6 . 8 6 4 4 . 8 7 7 5
2 1 • 1 4 6 1 .  1 3 3 « . 2 2 6 1 . 3 6 9 4 . 5 3 1 0 . 6 9 1 9 . 8 2 9 4 . 9 3 0 5 1 . 0 1 1 5 1 . 0 4 0 0
? 4 . 1 6 2 0 . 1 5 5 9 . 2 6 7 2 . 4 3 2 5 . 6 1 5 5 . 7 9 3 9 . 9 4 6 3 1 . 0 6 0 2 1 . 1 5 2 8 1 . 1 9 8 6
F u n c t i o n E s t i m a t e d 1 1 ( N - 5 ) 7 1 ( 2 2  §)
IS 2 . 6 2 6 5 • 7 1 H ? • S M 7 2 . 5 1 6 2 • 4 1 0 9 . 2 7 1 7 . 1 1 4 8 - . 0 4 8 9 - . 1 7 7 1 - . 3 3 3 2
16 2 . 5 0 6 5 . « 1 9 2 . 6 6 7 7 . 6 1 0 5 . 5 1 9 8 . < * 0 2 0 . 2 7 0 9 . 1 3 3 5 • 0 2 6 1 - . 1 1 1 3
17 2 . 6 0 0 3 . « 5 7 0 . 7 4 1 8 . 6 9 7 2 . 6 2 1 6 . 5 2 5 1 . 4 1 8 8 • 3 0 6 0 • 2 1 8 3 . 0 9 8 2
1 A 2 . 3 0 6 0 . - 9 0 9 . « 0 8 1 . 7 7 5 2 . 7 1 5 4 . 6 4 0 6 . 5 5 8 1 . 4 6 8 7 . 3 9 9 5 . 2 9 5 8
19 2 . 2 2 6 2 . 5 2 0 7 . 8 6 5 8 . 2 * 4 4 . 8 0 1 4 . 7 4 8 3 . 6 8 9 1 • 6 2 1 8 . 5 7 0 6 . 4 8 2 6
? 0 ? . 1 6 C 2 . 9 4 6 5 . 9 1 4 5 . 9 0 5 3 • 8 8 0 2 . 8 4 8 9 . 8 1 2 1 • 7 6 6 1 • 7 3 2 1 . 6 5 9 9
21 2 . 1 0 7 6 . 9 6 2 2 . 9 5 4 6 . 9 5 8 7 . 9 5 2 4 . 9 4 2 9 . 9 2 8 0 . 9 0 2 3 • 8 8 4 8 . 6 2 9 2
2 2 ? • 0 6 * 0 .  ^ « 5 2 . 9 8 7 0 1 . 0 0 5 6 1 . 0 1 9 1 1 . 0 3 1 2 1 . 0 3 7 3 1 . 0 3 1 3 1 . 0 2 9 8 . 9 9 2 0
2 3 2 . 0 3 9 9 . 9 * 7 7 1 . 0 1 3 1 1 . 0 4 7 5 1 . 0 8 1 4 1 . 1 1 4 7 1 . 1 4 1 1 1 . 1 5 3 8 1 . 1 6 8 1 1 . 1 4 9 9
2 . 0 2 3 5 1 • j 0 6  5 1 . 0 3 5 2 1 . 0 8 6 5 1 • 1 4 0 9 1 . 1 9 4 7 1 . 2 4 0 4 1 . 2 7 0 8 1 . 3 0 1 3 1 . 3 0 4 3
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